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ARSTRACT

The design and imeleamentation of the ALGUL=M programming

lanauage for use en a microprocessor-based svstem is
aescrioed. The implementation is comorised of two
subsystems, a compiler which aqgenerates code for a

hypothetical zero~address machine and a run=tijme monitor
which executes tnis code. The system was 1mplementea in
PL/M to run on an 0080 microcomputer in a disketteehased

environment with at least 20K bvtes of user storaqe.
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I. INTRONUCTION

A. HISTORY OF aALGOL

The definition of the alaorithmic lanauage (ALGUL=AY)
was the result ot the work ot a committee of distinauished
computer scientists ard was originally oublished 1n 1900
(tiy. The ourpose of the aevelopers nf ALGNL~60 was thne
estaplishment of a universal computer lanaquage scecifically
oesignead to allow for the loaical and efficient orogram
representation of algorithms, Adgitional wversions an-
extensions of ALGNL-0N such as ALGGL =48 LiS) and ALGOL=-w
[1o) have been develored and have fonuna acceprance orimarilyv
in the acaagemic cormmunities anrd 1n Europe. The lanquage
ALLGOL=t (10) is also tased on ALGOL=-50 and was develored as
oart of a complete system Adesianegd tor teaching orogramminag

Yanauage concepts,

8. MICRUCUMPUTFER SOFTwARFE

The rapid cevelnprent of microcomputer haraware Since
1975 has aqenerallv r95u|}ed 1n 3 considerable 1ag 1n the
corresponding gevalapment nf compatinle software,
particularly that of hiah leval lannuaqges., The [ntel EO0AD
microorocessor is one o0f the few micraprocessnrs whicn has
enaurea long enouch to opermit software develooment tn

advance veyond *tnae assemhly lanauage level, Hinh level




1anayages which nave been gmvelopea taor BOEO pased systems
py students at the Naval Postaraguate Schnol incluge a macro
assembler (ML=RY) L1, a BASTC comoiler/interpreter
{RAS(C=F) {61, and a CORUL comoilersinterpreter (41RO~
CNBOL) (21, The maiority of hiah level lanquages currently
available for micraccemputer basend systems are extensiors of
the oriainal Dartmouth RASIC and, although tney allow for a
reasgonabile leavel a2t oprogrammina  sophistication, they are
encumbered by the inherent limitatiors »f tne RASIC

lanauyage constructs.

C. URJFCTIVES OF ALGOL=M

The major ohjective of this project was to gevelop a
lIvnamic, Clock=structured, recursive nigh Jevel Jlanguage
whicn would provide adeauate orogramming power and
tlexibility fnr aoplications crogramminag usina microcomcuter
baseq svstems, ALGNL consrructs were chosen because of
their simplicity ane oower and because it was ooSsitle to
write the grammar in LALRfL) form for use wi*h Avairlahle
comoiler~compilear aqererated rarse tables (14}, ALGUL =M was
developeag to rur on 80480 based microcomouter systems hecause
of the Aavailability anf a3 high level svstem develooment
lanauage (PL/M) [R] ahich ornguces f2LRAYU object code and
which could bpe run on tna “Yaya' Postaraguate Schanol's @M
360, The availaoility o¢ an 8030 basea disk operatina
system (CP/74) (131 sgimylatar cn the [RM 380 was also a

strona tacter in tne choice of RUYURYU microbrocessor and L(P/VM




operating svstem,
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TI. ALGCL-M LANGUAGE NESCRIPTTIUM

A, FFATURES OF THE ALGOL=-M LANGUAGE

Although ALGOL =" was modeled after ALGUL=6U, mo attempt
was made to make it g farmal sybset of ALGUOL=60. This was
dane intentiorallv in oruger to crovigde a lYanguaae which
wcula oe hest suited tn the nemgs of arplications
oroarammers ysing mnicrocomouter svstems, hHcwever, the hasgic
structure of ALLOL=M 1s similar anouan to ALGUL=A0 to allow

simple conrversion of croarams from oro languace to the

other, This wads ccrsigered parrticularly important in view
of tne fact thar the standaro oublication lanayage 15
ALLOL =60, Thereftare, theres exists a targe source of

acplications cregrams arg liorary procedures whicn can ce

simply converted *o execute urqger ALGOL =M,

le Tvge Neclarations
ALGOL=M suprcorts three tyces of variables: intenmers,
gecimals, and strirqs., Tnteaers may te anv value hetween
~16,38d ang +16,3R4, Decimals mav he adeclared with ue *to LR
gigits of orectsion and strinas may pe declared as Tong as

2SS characters., Tne cefault nrecision for decimals is ten

digits ard tne Jefault lenqth for strinas is ter Characters.
Vecimal and strino variacle lenatks may pe inteaer variables

whicn can be assioned actua' valuss at run~=time,

I I TP

Angther fare of geclaratinn in ALGUL=M is the array

11
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dgeclaration. Arrays may have up to 255 ogimensions with
each dimension ranginc from =10,3Rd to +16,384, The maximum
8080 microprocesor aadress soace of 64k bpvtes limits
practical array sizes to something smaller than the
maximum, Dimension bounds mav he integer variables with the
actual values assigred at run-time., Arravs may be of type

integer, decimal or strinao,

2. Arithmetic Preccessing

Integer anog btirary coded gecimal arithmetic are
supoortea under ALGCL-M, Inteaers may be used in decimal
expressions argd will te canvertea to decimals at run=tire,
The 1intecer ara decimal comparisons of less=than (<),
greater~-tranr (>), eayal=to (=), not=-eaual=to (<>), less=
than-or=eaqual=to (<=), and areater=-than~or=equal=to (>=) are
provided. 2aditionally, the loaical operators AND, 0OR and

NOT are availabple,

3. Control Structures

ALGNL=M contrel structures consist of BEGIN, €EMyU,
FOR, IF THEM, IF THEN ELSF, wHILE, CASE and GOTO constructs.
Function and procedure calls are also used as contro!
structures. ALGAL-M is 3 block stuctured lamguaade with a
block normally bracketed by a 8FGIN anag an FND, Rlocks mav
pe nested within otner *locks t» nine levels. Variables
which are geclared within a bplock can onlvy 0pne reterenced
within tnat block or a block rested within that blocx. unce
proaram control proceeds outside o0f a bPlock in which 2

variable has Dbeen declared, tne variable may not Dpe

L




referenced and, in fact, run=time storage srace for that
variable no longer exists,

Functions, when called, return an 1inteaer, decimal

or strina value decendina on the type of the funcrion.
Procedures do not return a value when calleag. Both
functions and oroceaures may have zero or mcre parameters
which are call by value ang both may be called recursively,
Adaditionally, functiens and orocedures may be referenced

vefore they are Jeclared,

d. Input/Outout

The ALGNL=-M AFRITE statement causes output to the

IR e B A s

console on a rew lire, The gesireg outnut is scecifiea in a

——

write 1list which 1is enclosed in parentheses. Sstrina

3 constants may bhe usec in a write list and are characterized i
oy beina enclosea i1n cuotation marks. Any combination of E
integer, decimal ane strinag variables or expressions may 2

also be used in a write lisr, A WRITEON statement is also
available which is essentially the same 3as the WKITE
statement except that outout comntinues on the same line as
the outout from a previnus YRITE ar ARITENN statement. when
a total of R0 characters have ceen written toc the console, a
new line ig started autamatically, A TAB oction may also pe
used in the write list which causes the follawine item in
the write list tn pe soaced ta the riaht by a socecifed
amount,

Console input is accomplished by the REAU statement

tollowed Dby a reag list onf anv comnination of 1nteger,




decimal and strina variables enclased in ovparentheses. it
embeaded blanks are desired in the inour tor 3 strina
variable, the console i1nput must bhe enclosed 1in auotation
marks. A READ statement will result ir 3 halt in orogram
execuytion at rur=time until the 1nput values are typed at
the corsole ang a carriace return is sent, If the values

typed at the console match the read list in number and tyoe.,

program execution ccntimues., Tt an error as to numper or
tveoe of variables fror the conrsole occurs, orogram execution

is again halteg until values are re-enteregd on the console. .

S. Disk 2ccess
ALGNL=-M proarams may read data from, or write gata ;

to, one or more disk files which may be located on ore or
more disx arives. “hen file imput of outout 1is gesiredq,
the apcropriate READ or #RITE statement is modified oy
placing a filename 1centifier immediately afrer RFAD or
ARITE, The actua) rame o0 the file may be assioned to the
tile name identifier wnen the proaram is written or it mayv
pe assianed at run~time, Various disk drives are referenced
oy the letters A through Z, A snecific arive mav Dpe
specified pv orefixino the actual filea name with the desired
grive lietter followeag by a colon. Agditionally, if random
file access is desired, the “ile name igentifier may bDe
followed by an inrteger cons'ant'. variable or expression
enclosed in parentheses, This inteqer value specifies the

record within the file which is tn ke used for incut/output,

Priar tn the use of a file name identifier in a KFAD

14
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rem

or WRITE statement, the file name identitier must aopear in
a file aeclaratinn staterent. The file name identifier can
only be referenced within the same block for a3 lower blocx)
as the file declaration, Files are normally treatea as
unblocked sequential files. However, if blocked files are
gesired, the record length may ootionally be specified in
parentheses after the file name identifier in the file

declaration statement.

1S
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Pass

1T, IMPLEMENTATTOM

COMPILER TMPLEMENTATION

1. Compiler QOrganizatinn

The comoiler was desinned to read source I|lanauage

statements from a ciskette ang to ornguce an intermediate

lanauage file with aoptional scurce listina at the console.

two pass aporecach was used to facilitate the

implementation of GNIC statements, forward subroutines, and
control statements, Pass one builds the symbol table andg

saves all branch locations for resolution gurina pass Cwo.

one also computes the size of the orogram reference

‘ table (PRT) argd writes this information out tn the

intermediate file, Pass twe resolves all forward references

and emits code to the intermediate file on disk,

2. Scanner

The scanner aralyses the source proaram anJyg sends a

sequence of tokens to the parser, In adaition, the scanner

provides a listing c¢cf the source file (if reauested),

the

ianores remarks, and sets the compiler toogles. Analysis of

the first non=blank character in the input file determines

qereral class of the next token., The rest of the token

. is then scanmed as it is praced into the accumulator
! (ACCUM), The first bvte of ACCI'™ c¢contains the lengtn of the

toxken, In the case of constants *that exceeg the size of

le

!
|
!
i
!
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ACCI'M (32 bytes) a cortinuation flaag is set. This permits
the scanner and onarser to continue as necessary to accept
the entire constant.

when the scanner recognizes an identifier it
searches the vocahulary takle (VNCAB) to cetermine if the
1dentifier is a reserved word, [f found, tne token number
associated with the reservea word's position in the V(OCAB
table is returneac., The reserverd word COMMENT 15 a special
case since it is mnot part of the grammar ana 1§ hangled
entirely by the scanner. The VOCAB table is cne of *thne
taoles orovided tv the LALR(]) parse table nererartorilul,

Constants are passed unconvertea *¢rom the Scanrer
throuah tne oarser tc the intermegiate fila, Althouan this
procedure aones not allow constant checking during compiie
time, it dones save space in the compiler, The cnnversion
routines must oe in the run-timea system for console inou*
ang their guplicartien in the corpiler was not considered

necessary.

3. Symbol Tahije

The svmbol takle stores attributes of gpgroaram and
compiler generated entities such as identifiers, orocedurss,
anad labels. The symhol tahle is constructed durina oass one
and fthe stored information is usad by the compiler dQurinag
pass two to verifv that the proaram is cemantically correct
and to assist in code ~aeneration., Access to the symhol
table is accomeclishec threuot various subroutines which

operate on the symhol *takhle through the use of based qlobal

Ky

|




variables, ﬁ

The symbol tatle is modeled after the BASIC~E svmho!
tablte (b6l. It is an unordered linear list of entries which
Qrows toward the too of memory. Ingivigual entries are
accessed via a chained hash aagdressing techniaue as
1llustratea in Fiaure 1. €£ach locatinn in the hash table
heads a linked 1list whose printnames all evaluate to fhe
same hash adaress. [f there is a3 zero in the hash table

then there are nn entries for that particular bhash value,

Ouring references to tne sympel table, the global variable
PRINTNAME ecntains the address of a variable whicn contains
the lenath af the variable mrame followed by the name itself.
The variable SYMHASH contains the sum of the ASCIT

characters that make uo the varrable name, modulo 64,

R

Entrizs which hash to the samea value are chained so that tne
Jatest entrv is the first one on the chain. Thev are,
however, storegd in the svmhol table in the orger in which
they apoear in the orecgram,

Lach entry in the svmhol table contains the

following information:

lenath of printnare 1 hyte
collision fielg 2 bhytes
printname variable lenath

% tvpe 1 hyte

; address ? hytes

i olock level 1 byte

g suybtvyoe 1 kyte

18
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The address field indicates the identifier's
position in the PP[ unless the identifier is a label, For
labels, it indicates the label's position in the coge area.
For Subrourines, there are two extra symbnl table entries:
a parameter fielad which indicates the number of parameters
associated with the subroutine (1 bvte), and another acdress
field which ingicates the oositionr of the subroutine in the
code area,

Since ALGOL=-M is completely block structured, there
is a bhlock number associated with each identifiear in tne
svmbol table. A "previous black level! stack" was dqesigned
in orger to retain the symbel table for debugaing purposes
Juring run~time, Eachk active Dlock is used as an ingex into
this stack which centains a'l plocks to which the active
plock is subhordinate. When a block s Adeactivated (i.e.,
the correspondina block end is encounterea), the bhleck
number s removed from the oprevinus Dlock stack and
therefore any identifiers associated with that block become
inaccessible,

Two different lookup routines were dgesigned to
facilitate svmbo! taole lookup. The first 1s FULLSLOOKLP
whicnh searches the current hjlock and all outer blecks for an
identitier. The secona is NORMALSLNQXUP which simply checks
the current plock leavel, [In most cases, FULLSLOUXUP i
used to determine if an icentifier beina usec has been
declared and NORMALSLOOKUP s wusea to rdetermine 1f an
identitier being Adeclareaa *~as bheen previnusliv declareg in

the same hilnclk level,

20
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4, Parser

The LALR parser 1¢ o g @~ ytreg~r o+ 41 ¢ v Ry T ef
parser [ol, aP1ch 18 & tarie=rr oar . gPF Jrar A T =gt [
recerves tokens fram the Scarner ar? gmg',7es thevr t~
oetermine 1f they are part nt the Al ,JLe™ Jrammar, wher *tne
parser acceots a tokem, one ot tre tnilogwing actroras a1l
pe taken, Tt mav save the tAken ar3 CANtINnue *0 acCept
tokens in the lookaheaa state, ~r it mav recocanizZe the riaht
cart nt one of the valid proaductions and aocply the
production state (cause a reduction to take place)l. Finmally
the carser may determine tnat the tokens received go not
form a valid riaht vart for a production in the grammar and
cAause a3 syntax error to be orinted,

vihen an error is deteétea RECOVEK is callea anag the
parser backs up a state with an attempt to continue parsinag
from that state. I[If rtnhnis fails, it continues to Dback up
until the end of the currently pendinag redyctior is reached.
Ar that peoint the ba3g token is bypassec ana an attempt to
parse the followina token is mace until an acceptahle tokenr
is found.

The major 0gata structures in the Dparser are the
LALR(!) parse tabDles and the rarse stacks. The parse s*tacCks
consist of a state stack anAd six auxiliary stacks. These
auxiliary stacks are parallel to the parse stack and are
used to store information needea auring code aeneration,
The information stored i~ these stacks incluges variable

tvees, subhtypes, and variahle addresses,

21




S. Code Germeraticn

The parser not only verifies the syntax of source
statements, but also controls code aeneration by associatina
semantic actions with reguctions. ¥#hen a reduction takes
place., the procecure SYMTHESIZE s callegd with the
production number as a parameter, SYMTHESIZE copies the
needed semantic infermation from the parse stacks into
simole variables (te avoid extensive subscriotina) and
performs the apcrepriate sermantic action, Thig s
accompliished by the use of a large case statement with the
production number as a kev. The syntax of the languaaqe,
along with the semantic actions taken, is listed in Aopendix

E.

. I[MTERPRETER [MpPLEMEMTATIQONM

le EBuir +ina the ALGJOL~M Pgseydo Machire

The ALGOL-M cseudn rachine, as shown in Fiaure 2,
Vs 3 software emulation of a stack=oriented CP! witn an
instruction set oshich s oarticularly well suitea for

execyrion ot ALGAL-M pronrams, The ALGOL-M interpreter
18 Joaoeq at address 100 hex (as are all executable proarams
unger the (P/¥ gnerating system) and proceedas to read the
ALGOL~M ntermediate code from Aisk, comstructing the pseuao
machine bheainirg at the first freae memory locatior. The
ALGOL=M intermediate code is read into 3 huffer in 128 opvtae
segments, The first two hytes nt the intermediate code

represent an inteaer value equal to the number of hytes
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to be used for the orogram reference table (PRT)., FEach PRT
location i1s two bytes in length and is used to conrtain
information relative to ALGOL=-M proaram identifiers, arravs,
and subroutines,

The remaininc intermediate cogce 1§ manipulated
in  accordance with the alaorithm shown in Fiqure 5 in

orger to construct the pseudo machine cooe area.

2. U0Uverview of the Interpreter
The ALGOL~M 1nterpreter uses the rpseudo machine code
area as inout data. Each oseudo machine operator 1s
equated to an integer value which is eyaluated in order tn

provide the correct entryv point into a large case statement

in the intaroreter, Each entry in the case statement
contains the necessarv code to cause poreper run=time
execution of the scecific ALGOL-M pseudo insftruction.
The case statement is executed continually until the

ALGOL=-M orngram has heen coamolated, a3t which time control

is vassed back to the operating svstem, A rurnetime stack 1is

used te facilitate the execution of ALGDL =M pseugn
instructions, The stack can be viewmad as hFeina two rytes
wide and expargina ar  econmtractinag above the ALGCL =M

machine code area as necessary. The topo item on the stack
18 aadressed ky the variable PA, while the next=to=-toc 1tem
13 addressed +ry RB, Tha contents of the twe Fytes An toD
of the stack are refererced by tne variapvle AKA while
the two byte cnntents of the next=to=top stack poesition are

referenced by the vyariable APB, The low order bvte
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contents of the ton and next=tn=top stack locations
are referenced by the variables BRA and RKrR
respectively, The various stack variables are depicted in
Figure 4,

3. Allocation of Storaae Space

Run=time storaqe space is reauireo for the
values associated witn ALGOL-M orogram icgentifiers which
have been declared as integer, decimal, or string values,
ana for informaticn needed to process arravs and
subroutines. A saquenrtial nurber is assiaoned to each new
identifier 3as it is recognized by the compiler. This number
is usec to reference the PRT at run=-time in orger *0 store

or retrieve the value assnciated with each igentifier.

a. Integers

Integer values range from =10,384 to +16,3%84 and
are stored directly 1in the two bvtes allocatea in the PRT
tor integer identifiers, A maximum lenath of two bDvtes for
integer values was chosen because the resulting rance of
possible inteaer values was considered adeauate tor the
primary use of inteaers as orogram control counters, such as
array subscrints and loop bhoundaries, Agdrtionally, two=-
ovte values were the most convenient size to work witn in
the implementation Yarguaage PL/M (B, The hian orger bit of
the integer representation 18 the sign tcit, with
zero indicating a cecsitive value and one indicating a
negative valuye. The second oit of the intecer

representationr is alwavs zern in order to permit
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differentatiaon hetweer integers a3and other types on tne

stack. The ALGNL=M internal torm for addresses is also a

two bvyte valye,

b. Decimals

Decimal values up to 18 diocits in lenatn are
permitteq in the ALGUL =M largquaqae, Feecn decimal
identifier is associated with a unique PRT entry. The valye
stored 1n the twn opvte PRT entry reoresents the run=
time adaress of the location on the ALRUL-M stack where
the actual gecimal value is stored, [re tarmat for
gecimal storage is shcwn in Figure 6.

The next=to=last hyte of the allocated space
for decimal igentifiars contains the numter of Dvytes usen
for storaqe of that value. This value is a3 functigm of the
size declarea for the decimal bv the orogrammer ard may be
gelayed until run=time, A maximum of 1R diaits of
precision may be declared with the default precision
being ten aigits. The first bhyte of ¢the agecimal stcrage
area contains a value representina the rumber nf bytes
used to hold tne actual packed diairs, This value mav be
less than the numbher of bvtes whicn cculd ce storeo 1r the
allocated area. In order to save storaace socace, the Adecimal
values are ovacked two aigits rer byte of stnrage space.

ALGOL=M is a Dblocxk structured lYanguaae based

uoon a3 stack mode! for execution. Thus, it allows efficient

allocation ot starage for - decimal Jdentifiers, a
plock 18 rormally bracketed by the ALGOL=M kmyworas
28




BEGIN

INTEGER A,B;

A := 3;

B := =2;

END
SIGN BIT
I

00000011 00000000
LOW ORDER HIGH ORDER
BYTE BYTE

SIGN BIT
ot

s

000O0OO0OOT1O 10000000

INTEGER STORAGE

FIGURE
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BEGIN
DECIMAL(12) X;
X := 123456.78;
END

OFFSET TO
BOTTOM OF 8 1 SIGN (+)
DECIMAL
STORAGE

56 78

12 34

ACTUAL NO.
OF BYTES
USED FOR
DECIMAL
VALUE

DECIMAL POINT
4 2 OFFSET

STACK

DECIMAL STORAGE

FIGURE 6
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BEGIN and END., Blocks may he emheddea within a hnigher

level block as shown in Fiqure 7, Taentifiers which are
declared in a given block are consicerea local to that

block ana global! to ary lower lever olock ano therefore mayv

ce referenced from those blocks. However, once
execuytion of an ALGOL~-M brogram proceeds beyond a given
bloexk, the igentifiers declared within tnat block may no

longer be referenced and, in fact, tne storage allocated for

those iagentifiers is removed from the ALGOL=-M wmachine

stack.

¢. Strinas i

Strinas of ASCIT characters uo to 255 bhytes in

lenath are permited in ALGOL=-M, [In tnhe same manmer as used
for decimal storaqge, the strinaoa identifier is associated
with a unigue PRT entry, The corresoonaina PRT entry
contains the aadress of the actual string storaqe space or

the ALGOL-M stack. The tormat ftor string storage is

shown in Fiaqure 8. The next=to-last byte of the allocated

storace soace for 3 strino identifier contains the value of j
the numher of bytes actually allocated hy the proorammer upD
to a maximum of 255 hyres. The first byte of fthe
allocated strina storage area contains the value of tne
actual number of ASCII characters stored in the allocated
area. The concept of storame allercation as relateag tn hlock

lavels is the same as gescribed for cecimal identifiers,
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BLOCK LEVEL 0O ==—==———3BEGIN
DECIMAL A,B,C;
BLOCK LEVEL 1 ————— BEGIN
STRING X,Y,2;
BLOCK LEVEL 2 —»BEGIN
DECIMAL C,D,E;
END BLOCK LEVEL 2 =——————-23 END;
END BLOCK LEVEL 1 ———p END;

END_BLOCK LEVEL O —» END;

STACK

RAY

)

L,

-

STORAGE FOR
‘ BLOCK LEVEL 2

STORAGE FOR
) BLOCK LEVEL 1

-

BLOCK LEVELS AND STACK STORAGE

FIGURE 7
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BEGIN
STRING(9) TESTWORD;
TESTWORD := "HELLO";
END
10
e uon
npn uLn
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STACK

STRING STORAGE

FIGURE 8
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d. Arrays
ALGAL=-M arravs may be of tvpe integer,
decimal, or sString. Arrays may consist of up to 2SS

dimensions with eacn Adimension containina ue to 16,384

elements. The ubper and lower bhounds of each dimension
may consist of any positive integers, variables, or
arithmetic expressions. Facn array name is associated

with a unique PRT entry. The PRT entry contains tne aadress
pointer to the actual arrav storage area c¢n the ALGOL=M
machine stack. The tirst part of the array storaae area on
the stack consists of the displacement vector and othker
information which s necassary to calculate the aadress
of any specific array elemenmt at run=time, The format for
array storace is shown in Fiayre 9, The allocates storage
area for each arrav element is exactly like that wusea for
inteqers, decimals, or strinas which are declared as
single identifiers. 1The algeorithm ucsed for calculatina the

displacement vector is exoressed as:?
IF I=N Tiew 1, OTHERWISE

DI = (Uzq-]. -Lz.L “l) ¢ Dl*l

where N is the number of gimensionsy I is the

respective dimension, and !l is the uoper bounad arg L 18 the
iower bound of a dimension.
The offset vectnar, V, s calculateg bv:
\/ ENLD
‘111
The offset vector represents tne correction necessary for
non=zero=crigin  subscriots. This approach te locatina {
elements in dvnamically geclared arrays is essentially tne

same as that used in ALGOL=-F T10]),
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4, Storaae and Retrieval of Variables

Once allocation of storage for variables has
oeen completed at run=time, storage and retrieval of actua!l
values is relativelv simple. A check is first made to
insure that the nurber of bytes to pe stnred is less than
or equal to the storaace space allocateg for a aiven
variable. In the case of strings, if the destination
storace space is not larae encuan to holg the entire
strina, as many characters as possible are stored and a
run=time warning messaqe is 1ssued advisina that strinn
overflow has occurred, For decimal storage, if the total
number of packed diaits to be stored is larger than tne
available storage space, non=sigrificant gigits are deleted
until the decimal value can be stored. It a sianificant
aigit must be deletec in order to store 3 decimal value, an
error messaqe is cenerated and *the stored decimal value
is arpbitrarily set to 1.0 tn allow continuation of orngram
execution,

Array elements are storea exactly as the
corresponding single element variahies. However, the
gata located at the heainnina ot each array storage area
(refer to Figure 9) is wused to calculate the actual
location of a soecific arrav element. This is accomoiished
by initializino the offset variable to the value of the
rightmost subscrioted value. This value is then aaded to
the product of the next rightmost subscrintea value and the
n=1 Aisplacement vector value., This procedure is continued

until the left=-most subscrioted value has DpDeern usen In
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the calculation. Next tne ntfset vector, v . plus one, 1S
suptracted from the offset variable and the resylt s
multiplied by the size of rthe area allincated to each array
element., The result of this calculation is tne total
oftset, in hytes, fror the beginning of the storage area
for tne array to the specific array element in question, A
check is made to insure rhe calculated total oftset is
not areater than the offset which would result in access to
the last array elemert. An error message is aenerated Dbv
the internreter if a3 subscripted variable 1is referencea with
suypscriots that are not witnin the ageclared arrayv

dimensions.

5, Arithmetic fNperations
Arithmetic ocerations for inteaer variables are
straiahtforwarad because the imclementation lanauage, FL/M
[R], orovides all of the nrecessary two bhyte arithmetic
ooeraticns. Therefore, the two inteaer values which are
ta be adgea, subtracteg, multtiplieag, or givigea are placed

ome 23pove the other onr the stack anog the aporopriate

routine performs the nrecessary arithmetic overationn,
replacinrg the oricinal two inteqer values with tne
result of that operation. Tha resulting value 1s then

availapble ¢to srore irto the space allocated for an intecer
variable or to pbe used a3s one of the integer values for
continueg ari1thrmetic coerations,

Decimal aritnretic is acccomolished Dv manipulatina

packed agecimal strinas, each ot which is loaqeag 1n A ten
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ovyte reaister (two dicits per byte), The result of tne

decimal

arithmetis ooperation is storen in a ¢third

register, Necimal values are also stored in the packed

gecimal

unpacke

form, shown in Fiaure 6. Uecimal strinos are only

d when arg 1f tney are written to aisk or console

at run=time, NDecimal aagdition is accomplishea Dv

adaina
nines

throuah
ana s
ooerat)
the st

use as

(o3

uo to
allows
strina
the or

place

the two reaisters, suhtraction is done usina
complement arithmetic, multiolicatiorn 1s Qgone
a shift and‘add alnorithm, arg agivision by a shift
ubtract ~ethod. Aftar the gecimal aritnmetic
on 1is completed, the result is olaced or the too of
ack in oreparatior for 3 decimal store cperation or

a mew value in a continyina alaebraic exoression,

Strina Jperations

The ALGOL=M ccemoiler is designed to hargle strings
255 characters in length, The concateration ooerator
twO or more strings to te compinea to orodguce =) new
consistina of all the characters contained inr
aina! strings. The orocess of concateration takes

on the stack with strings oeing combhined

repeatedly as necessary for multiole comrcatenations,

The resultina strinc 18 then available for storage 1in

the space allocated *to a strina identifier, If tne resuit

of concatenatimsn orcguces a strina which 15 longer than

the all

necessa

ocAated storaae space, the strinrg 1S truncated as

ry and an error messaqe is i1ssued by the interoreter,
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7. Subroutines

There are twe tvpes of subroutines in  ALGOL=Mm: b
functions ang procecures. The only difference between the
two 1S that a function returns a value to the too of the

stack while a procecure does not, Subroutines are fyully

recursive and can be callea prior to their declaration.

ae. Invocationr

A subroutine can be 1nyokea with zero oOr more

actual parareters. The actual oaramerers consist of
1rteger, gecimal, or string expressions which are
evatluated and nasseg tn the suoroutine via the

execution stack, In adaition ro parameter values, the only

other information needed to call a vprcceduyre is fthe

procedure address i1n the co“e area. The actual format of

the stack at the ooirt of A subroutire cal) is imgicateu in i
Figure 10,

0. Storaae Allpacation

Storane fcr variables and parameters Jeclaren

within a suoroutine s allocated on the stack at run=time,

The actual parameters ana the subroutine call infermation is

also stored on the execution stack. To allow subroutine
call by value ard to save memeopry, 1t wWas necessary tn move
the acrtual parameter values anA subroutine call information

off the stack prinr tc allocating storags for the fermal

3 parameters and local variahles, This wAas accomolished obv
movina them to the ton ~f availaple memory. Storage can

then De allocatea for the formal parameters on top of *tne
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<RETURN ADDR
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<PARAMETER
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stack in the normal manner. This move was accomplished
through the SAV ooerator as illustrateg in Figure 1. The
SAV operator also checks to determine if the call is a
recursive call and if so, saves the orocequre cortrol bBlock
(PCB) on too of the stack. The PCB is similar in structure
to that of ALGOL=-Ef10], Althouagh tnis procedure slows gqown
the execution speed of the interpreter, it was considered
more important tn save memory soace. Srtoring suproutine
values on the stack as indicated above simolifies the Ae=
allocation of memory at the end of the subroutine, This is
accomplished by simoly removing elements from the stack aown

to the apornpriate level.

c. Parameter Mapoing
Parameter mapping is rdone throuah the use of rne
5Ve operator as illustrated in Figure 12. lhe ocerator
copies the actual parameter information at tne toc of memory
into the area allocated on toc of the stack. Tne PCR
«hich keeps track of subrmurine variables is tnen set with

pointers to the current oarameter values.

d. Function Return Value
Included with the allocatea area for parameters
ang local variables, there is an additionral allocateq

area for the return value of functions. The function nName

is treated as a simple variable within the tunction
and the return value is assicned to ite This value s
cnpied to the tnp of the atack whem the tunction

returns.,
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STACK CONFIGURATION FOR
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STACK BEFORE PRT
LOCAL VARIABLES
RA R PTR
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<PARM COUNT POINTERS
ALLOCATION
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" AFTER
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€ PARAMETER
CALL INFORMATION (MOVED OFF
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PCB FOR RECURSIVE CALLS
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N
FIGURE 11
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T Zenculieablh o

j e. Extermal Functions

The ALGOL =M grammar supports external
function declarations and, although thev have not been
implementec, their desian has been considered, External

tunctions are conceived to be ALGOL=M intermediate files
which could be declarea and called from other ALGOL~M
programs, The intermediate coaer for tnese files would
be reaag from disk by the compiler ana inteqrated into the

proaram intermeadiate code as if the externa! subroutine

had in fact peen a normal proaram subroutine, The
grammar would reauire modification in order to allow a

subroutine to ve compilead by itself.

t. Fnrward References
Forwara suboroutine references are supported Dpv
simply treating all undeclared 1dentifiers as forward
subroutine references durina oass one of tne compiler., I
on pass twoc these references have not bheen resnlved, ther

an undeclared variable error is generated by the compiler,

9. Built=in Fynctions

There are currently no built=in furctiens 1n

ALGOL =M, However, their implementation has been
considered. To implement btuiltein fumctioens, a simole
modification to the symbo! rable structure woulag pe

needed, allowing the built=in function names tn he entered
,) the symbol table when ¢ is initialized. There
woulo be an ocerator associateq with each functior name n

the symbol table wnick would indicate the run=time action to

44
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be taken, This operator would be emitted each time ¢the

built=in function was referenced.

8. Input=Outout
Two basic tyoes of input=outout (1/0) are
implementea in the ALGOL-M lanauage: console and disk,
) Console [/0 refers to the device which is being used to
provide commands to the system, tyoically a cathnae=ray

tupe terminal or a teletvpe. Input s accomplishead vira

| ALGOL-M orogram READ statements and outout via nwPITE or
WRITEON statements. Inteaer and decimal values, includina
signs andg gecimal opoints, are converted from their
internal representation into ASCIT characters whicnhn are
1 provided to an operating system orint routine for console

output. String variatles and constants are storeg 1]

the ALGOL =M pseudo=-machine as ASCI] strincs ang are sent
character by character to the system orint routine, C(onsola
input s accomplishec via an ocerating system routine which
reads orfe full console lime into an ALGOL=~M butfer. Thna

internreter examines the buffer and converts the ASCII

characters 1in the buffer 1into the arprooriate ALGUL=M
internal decimal, integer or strina formar, The input \
value is then storegd in the space allocated for its
variable name.
The ALGNAL=M READ or wRITE statement for Aisk T/0
contains the name c¢f the disk file to he wusec and,
cootionally, soecifies the Qisk Arive containing that file.

The default arive s the currently loaged arive [(4). An

as
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additional option is that any specific recora on tne file
may also be soecified im the ALGOL-M READ or WRITFE
statement. A file oaqeclaration statement s useg to
associate file igentifier names with a specific entry in the
ALGOL=M PRT, Ar run=-time, space is allocateo on the
ALGOL-M stack for file contro! block (FCH) information
necessary to interface file operations with the
ooerating system, Ir adoition to the FCR, space is
also allocarted for a 12R byte I/0 buffer for each dgeclared
tile. The routimres to convert packed Adecimal and inteqer
numbers from internal form to ASCII form, ana vice=versa,
which are used for writing te and readina from disk files
are the same as those used for console 1/0., Anv numbher of
tiles may he oopen simultaneously and, as with all run-
time storage, the soace allncated on the stack for file

operations is recovered when the block is exited.

9. ALGOL=-M Pseude (Operators

a. Descripticn of Interpreter Variables

The top 1tem on the ALGOL=M stack is addressed
by the variable RA while the next=to too item oOn the stack
1s addressed hy the variable RPB, The value containea imr the
tirst two bvtes addresseda bv RA amd RB are refererceu ty *thne
variables APA ang ARB respectively. The contents of the
low=order byte of Axk? and ARR is referenced by the variable
8RA or BKR respectively, [The structure of the stack s
shown in Fiaure U, Decimal and strina values may De

represented on the stack by an aqQdress which vyields the
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actual storage area fcr the value, or by the actual valye
itse|lf stored as ore of the items on the stack. when a
agecimal or string value 1is stored on the stack, it is
reterred tmn as a temporary value. Temoorary values are
stored on the stack 1n preparation for storage into the area
allocated to a specific identifier, or for use 3as a value in
the evaluation of an exoression,

The ALGOL=-M compiler generates varinus pseudo
operators which were chosen to allow effective run~time
execution of the ALGOL=M pseudo machine, Following 1is a
list of the pseudo operators ang a brief gescription of the
action rakem at run=time when each operater s encountered

in the ALGUL=M code area.

b. Literal Data References

An initial check is made of each one Dbyte
operator in the code area in order to determine if the high
order bit of that byte is set to one. TIf the high order bit
is set then the least significant 14 bits of that bvte and
the following bvte are automatically added to the adaress of
the beainnina of *he proqgram reference table and nlacea on
top of the stack, A cneck is ther made of the second bit of
the original hyte and 1f it also is set to one the PKT
adoress now On too of the stack i1s renlaced by the contents
of the twn Dvtes rcrointed to by that address. These are
referred to as LIT anc LITLCD oocerators.

IMT: (integer). The followina two byte inteaer

value is olacegd on the stack,
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STR: (strina). The proaram counter s

incremented past the following string constant and the
adaress of the next=-to-~last bvte of the string constant s
placed on the stack.

VECT: (qgecimal), The proaram counter is
incrementeg past the followina Adecimal constant and tne
address of the next=to=last bvte of the decimal is olacea on
the stack. The nrext=tn=last bvte of the decimal constant
contains the offset tec the first b:re of the constant which
in turn contains the value of the numher of bvtes ir which
actual decimal diqgits are stored,

IMl: (load a one hyte integer’®, The wvalue of
the followina bDbvyte s <convertead to a two ovte value and
ptaced on the stack.

IM2: (load a two byte integer). The followina

two byte value is placed on the stack in reverse order.

(4]

« Allocatior Nperators

ALD: (allncate Aecimal), Storaae for a decimal
variable is allocated on the stack and the adaress of the
allocated area is placer in the PRI entry for the specific
decimal variable.

ALS: (allocate string)., Storage for a strina
variable is allocatea on the stack and the address of the
allocated area is placed in the PRT entry for ¢tne scecific
strina variaple.

ATD: fallocate intermediate aecimal). The same

action is taken as in ALD except the Aeclareag aecimal lenath

15




18 left on too of the stack 1iin oreparation for the next
allocation which is exoected to immediately follow in the
code area. [his oberator 1is used when several decimal
1dentitiers are declared in a sinale declaration st;temenf.
ATIS: (allncate intermediate strina), The same
action is taken as in the AID operator with the exceotion

that string allocation is used.

d. Arithmetic Operators

ADl: (add integer), The integer values of the
top two items on tne stack are reolacea by their inteqer
sum.

ADD: (ada decimal)., Tne decimal value of tne
top item on the stack is loaded into decimal arithretic
register 2ero, and the value of the second item on the stack
is loaded 1i1nto decimal arithmetic register cne. The tun
arithmetic reaisters are added with the result placed in
register two. The oriacimal decimal values on the stack are
replaced by the reasult nof the arithmetic operation.

SBI: (subftract integer). The secora inteaer
value on the stack is subtracted from the inrteger value on
top of the stack, bath values are ramovea from tne stack and
the result of the omeration is olaced on tco of the stack,

SRD: (subtract decimal), The same actior s
taken as in tne ADD operator excect the second item 1s
subtracted from the tcp item on the stack,

MPI: (multinly inteaer). The same actiorn s

taken as in tne S8BT operator excep? the top *wo items are
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multiolied,

MPD: (multiply decimal), The same action is
taken as 1in the ADD operator except the top two items are
multiolied.

Dvie: (divide inteqger). The same action is taken
as in the SBI operator exceot the tep item i3 divicged bv the
second item,

DVD: (divige decimal), The same action is taken
as in the ADD omerator exceot the top item is givided by tne
second item,

NEG: (negative). The sign of the adecimal or
integer on too of the stack is ¢channed.

CIl: (convert integer). The integer on toc of
the stack is replaced by its decimal eaquivalent.

C12: (convert inteaer). The same action is
taken as withn CI1 except the intecer which is the second
item on the stack is converted to a gecimal.

LSS: (integer lmass than). The integer value
(ARB) is comparead with the inteaer value (ARA), Roth values
are removed from the stack, TIf ARB was less than ARA, the
value one is olacea on the stack, otherwise the value zero
13 olaced on the stack.

DL3S: (decimal ltess than), The cecimal on tobo
of the stack is compared to the decimal wnich is the second
item on the stack. 1f the value on tno of tne stack is less
than the seconnd value on the stack, both values are removed
from the stack and rerlacsd by thea valye one, otherwise thev

are replaced by the value zero,
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GTR: (integer greater than). The same action is

taken as in the LSS omerator exceot a ore is placed on the
stack if ARB is greater thanm ARA,

UGTIR: (decimal agreater than). The same action
'S taken as in the TLSS ooerator exceot a one is placea on
the stack 1f the second decimal item is greater than the too
decimal item,

EAL: (integer eaual to). The same action is
taken as in the GTR ooerator exceot a orme 1S placed on the
stack if ARB is eaual to Aka,

DEUL: (decima!' equal *to). The same action is
taken as 1n the DGTR ocerator exceot a ome is clacea on the
stack 1f the secona decimal item is eaual to *tne top decimal
item,

NEQ: (integer not eaual tol. The same action is
taken as in the EfL ooerator excent a one is claced on the
stack if ARR is not ecual to ARA,

DMEQ: (Aecimal no*r egual! *o). The same action
is taken as ir the NTEQL ooerator exceot a ore it nlaceag on
the stack if the secora decimal 1tem is not eaqual to the *oo
gecimal i1tem,

GEW: (integer greater tham or equal to). The
same action is taken as in the NEQ ooerator exceot a ome 1is
placed on the stack if ARER is greater than cor ecual to ARA,

OGER: (Aecima! areater tnan or equal to). The
same action is takerm as imn the NNEQ operator except a ore 15§
placed on the stack if the second decimal item is areater

than or eaual to the too decimal item,
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LEW: (integer less than or equal to). Tne same
action is taken as in the GEG operator except a one is
pltaced on the stack 1f ARB is less than or equa' to ARA,

ODLEN: (AHecimal less than or ecual to). The same
action is taken 2as in the DGFQ operator except a one is
placed on the stack if the second decimal value is less than
or eqgual to the top decimal value,

NOT: (boolean nat). This opmerator <charges the
result ot any previnus honleyn noerator by complementina the
value of the one or zero which was olaceg on the stack by
the previous operation.

AMD: (boolean anmd). This ogerator checks tne
top two values left on the stack by anmy two previous koolean
ocerations. Tf poth values are ore then both values are
replaced with a one’ ctherwise hoth values are reclaceg with
a zero.

OGR: (boolearn or). This operator checks the too
two values left on the stack by any two previous hroolean
operatinans. If either value is a one then both values are

replaced by a onre; otherwise they are replaced by a zero.

e. Strina Nperatnrs
CAT: (cmAncatenate). The two strings on too of
the stack are combinea to produce a new strina consisting of
the c¢haracters of ¢the second strina followed ov the
characters of the first string. The two original strings
are popced from the stack and repltaced bv the resultinag

concatenated string.
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SLSS: (string less than)., The same action s
taken as in the OLSS operator except that a character by
character string corparison 1is made wusing the ASCII
character collating sequence,

SGTR: (string greater than), The same action 18
taken as in the DGTR operator except a string corparison 1is
maae.

SFGL: (string eaual tol. The same action is
taken as in the NDENL operator exceot a strina comparison is
made.

SMER?: (strimg not eaual to). The same action is
taken as in the DNEU oocerator exceot a strina comparison i1s
made.

SGEN: (strirg greater thanm or ecual to). The
same action i1s takenm as with DGFG except a string comparison
is made.

SLEQ: (string lesc than or equal to). The same
action is taken as with OLEQ excent a strina comrparison 1is

t. Stack Uoerators
XCH: fexchange). The value of tne too two hytes
on the stack (ARA) is exchanaed with the value ¢f the mext~-
to=too twe hytes on the stack(ARB),
PNP: (pep the stack). The stack ocointer (RA} 19
moved to the position of the stackpointer (RFE) and Pb is
moved to ocoint to the next item below 1ts current poasition

on the stack,
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LOD: (load). The address value on the stack
(ARA) is replaced bky the two bhytes pointeg t» hy that
address. ‘

DCB: (gecrement Dlock by more thar one leve!;:
The stack pointer (RA) is Aecremented to the adcress s*cre~
in the block t'evel tahlie and the inagex to the cloecx leve!l
table is decreased hy the value stored in the next twn -ytes
in the code area. The stack oointer (RR) 15 moved relow nr&
to the too of the seccnd item on the stack.

BLI: frlock leyvel increment)., The incex to tnae
plock level array 1s increased by ore arg the adaress of tne
top item on the stack is stnred ir *the tlock level arrav,

dLD: (plock level decremert), Tne index to ‘*the
block tevel array is decreased by ore ana the value of *tne
stack pointer (RA) is changed to the a30dress storeg in the
block level array.,

SPR: (subtract stack values), This operator 1%
used to subtract the second value on the stack from the too
value on the stack usina unsianed sixteen ©ITU arithmetic.
The two values are replaced bv the result of *ne

suptraction,

g. Array Unmerators
RAa: (allocate arrav stnrage). Tha number of
array dimensions, the upocer anga Yower bhoungs of each
gimension, and the arrav tyoe (intecer, gecimal, or strirg)
are used to calculate the array disnliacement vect:r which 15§

stored on the stack grior te allocatr1nn of strraje tnr the

Sy
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actual array elements,

SUB: (calculate the offset to a specific array
element)., The array subscript is used in conjunction with
tre Jisplacement vector information stored at the beoinning
of the array storace area to calculate the addaress of the
sceci1fic array element being referenced by the subscripted

variable,

n. Proaram Centrol Operaftors

pRS: (branch aosolute). The orogram counter 1is
changea to arn agdress one less than the address reoresented
ov the followina two tytes in the code area.

BRC* (orarch comgitional)., [If the value on topo
of the stack is zerc, the proaram counter is chanaed as 1in
BRS? otherwise the orogram continues with the next ooerator
in the code area.

BRA: (computed hranmch apbsolute). fhe program
counter is chanaced relative to the start of the coge area bv
the value on too ot the stack.

XIT: (exit the interpreter), XxIT caused return

of control to the opmerating svstem.

i. Store Uoerators
ST[: (store integer intermediate), The inteaer
value which is the second item on the stack 1S stored in tne
PRT address which is the too item on the stack, The PRT
adaress is then removeag from the stack.
SDl: fstore decimal intermediate). The same

action is taxean as with ST[ except a decimal value is stored
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in the allocated area pninted to by the adaress on too of
the stack.

5SI: (stcre strina intermediate). The same
action is taken as in the SNI ooerator exceot a strina value
1S stored.

SID: (store integer destruct). The same action
is taken as in the SII operator exceot both the PRT agdress
ana the integer value are removed from the stack.

SPL: (store gecimal gestruct). The same action
is taken as 1in the SID orerator except thke pointer to the
decimal alincated area and the decimal value are remgved
from the stack.

SSD: fstore strina destruct). The same action
is taken as in the $SPDD overator except the pointer to tne
string allocated area and the strina value are removed from

the stack.

je Imput/Outcut doeratnrs

DMP: (dump). DMP signifies the enad of writinag a
line to the comrsale., A carriace returrn and line teed are
output to the console via the operating svstem,

WIC: (write integer to console). The inteaer
value on torc of the stack is converted to ASCII characters
ang printed on the corsole.

#NC: (write decimal to consclel. The decimal
value on too ot the stack is converted to ASCII characters
and printed on the consnle,

wsC: (write strina to c¢console), The ASCIT
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strina value on top of the stack is printec on the consoie.

WID: (write integer to disk), The integer value
on top of the stack is converted to ASCII characters and
stored in the disk bhuffer allocated for fné file name
specified in the source NRITE statement.

wDD: (write decimal to disk). The decimal value
on top of the stack is converted to ASCI[ characters and
stored in the disk btuffer allocated for the file name
specified in the source ARITE statement.

ASO: (write strina to disk). The ASCIT strina
characters nn top of the stack are storeg in the disk buffer
allocated for the file name soecifiea in the source YRITE
staterment.

RCI: (read console integer). The conrscle read
puffer is scanned for the ASCII representation of an intecer
which is converted into internal form ana placed on too of
the stacke.

RCD: (read console decimal). The console read
pbuffer is scanned for the ASCII reoresentation of a aecimral
value which is converted into internal form and placed on
top of the stack.

RCS: (read consale stringl. The console read
ouffer is scanned for an ASCIJ string or for any series of
characters delimited Ey quotation marks which is placed on
tep of the stack.

RNI: (read Aisk inteaer), The qgisk cutfer
allecated to the film nmave apoearing ir the source lanau+ge

READ statement is scarned feor the ASLTI recresertation ef an
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integer which is converted to internal form and stored on
top aof the stack.

RDD: (read disk decimal). The same actior is
taken as in the ROl cperator except a decimal value is
placed on top of the stack,

RDS: (read disk strina). The same action 1S
taken as in the R0l ooerator exceot a strina value is placed
on top of the stacx.,

RCN: (load console bufferl. The current Yine on
the console is dumgced into *the console read buffer and tne
current proaram counter is storeac in oreparation for the
possibility of a ccnsole errcor ana the subsecuent reea to
recover for repeated conscle inout.

ECR: (errar in console reaaq). [f <characters
remain in the conscie read buffer after all console read
operations have been completed, an error conditiom exists
and the proaram counter is reset to the start of the console
read routine allowing the console input ‘to be enmtered again
as necessarv,

OPN: (gisk open)., The address on top o0f tne
stack roints to the allocated area for the file control
plock and gisk buffer associated with the aisk file name
specified in the source lanauage file declaration statement,
The file mname which is storad in the file control bkleck s
passed to the operatina svstem which in turn ooens that
specific file for disk inout/eutput.

CLS: (disk close)., 1The file mame located in the

file contrnl Flock cointed to by the aagdress of the topo of
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the stack is passed to the ooeratina system which in turn
closes that specific file to inout/output,

RDB: (ready sequential! bhlock)., The interpreter
input/outout routines are initialized to crerate with the
file contro) block anac disk buffer area pointed to by tne
adoress on top of the stack. The address of the coge to be
executed uoon reachina the end of a file is also
initialized.,

RCF: (ready random block). The same action s
taken as with RDB with the addition that the specific record
of the disk file is also takerm from the top of the stack and
the file control ©bloeck s set up to conduct inmput/output
from or to tnat soecific record.

EDR: (end of recora for read)., At the end of a
read statement the rerainder of the record is skipped.

EDn: (erc of record for write). At the enao of a
write statement the remainder of the record is filleg with
blanks and a line terminator is appended to the end of thne

record,

k. Subroutine Nperators
PRUO: (subroutine call). The two hytes of conae
tollowing the PRU eperator represent the acaress of the
subroutine in the cooe area. This nperator saves the return
adaress at the too nf memorv, positions the stack pointer at
the too of the first actual carameter (see Ficure 10 for
parameter forma’}) anag branches to the first statement in the

subroutine.
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SAV: (save actual parameters)., The SAV operator
expects the stack format illustrated in Figure 11, It
copies the actual parameters to the top of memory and checks
the PC8 fmar a recursive call and it so it copies the PCR
onto the too of the stack.

sve: (cooy actual parameters into formal
parameters). The SvZ operator copies the actual parameters
at the too of memorv into allocated area for the formal
parameters on top of the stack,

UNS: (unsave parameters). Ihe NS ocerator
checks the PCB to see if it is the ena of a recursive call,
I[f this 1s the case, !'NS restores the PCB from the previous
call, UNS also returns the value associated with the name
of the subroutine to the too of the stack. In the <case of
procedyres tne returned value is zero.

RTN: (return)., The PTN ocerator changes the
value of ¢the proaram counter to the value of the return

adaress,




Iv. COMCLUSIONS

This project has resulted 1in the corstruction of a

high=level, block=structured, aoplications oriented comoiler
for micro=comouters with 20k bytes of memory or more. When
compared to a fully dvnamic scheme, the stack stcrage

allocation and retrieval scheme presentea here appears to

enhance program execytion speed, reduce memery
requirements, and simolity compiler implementation,

Timing tests with several benchmark programs have Dbeen
conducted. These test proarams were obtained from RFFI[]1

and have been run with several versions of the BASIC

proaramming YanguaAae. The results (expressed as exacution

time in secands) are symmarized as follows:

BENCHMARK NIIMBER 1 2 3 4 5 () 7
ﬁ ALGOL =M 1.8 1.3 5.5 3.3 5,1 14,2 to.d
INTEGER BASTC 1.3 3.1 7.2 7.2 6.8 1R.S 2.y
STANDARD BASIC 1.7 7.5 20.0 20.9 22,1 36.2 51.8

; Listings ot the seven benchmark proarams are contaired in
! Acrpendix A, The reasgr ALGOL=M apoears slower in the firset

ﬁ penchmark is that the arammar reauires at least ~ne

executahle statement in FDP 1ocos when compareg te RASIC
whiecn has FOR loops which car de nothing. The resyltinag
ALGOL-M orogram executes 1000 extra assianment statements

which the BASTC proarams 414 nrot., Utherwise, the results
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clearly indicate that the ALGOL=-M 1language 1is not only
well=structured but also executes rapiagly in comparison with
the vervy best BASTC inter;reters. It is believed that the
major reason that tne ALGOL-M versions performea so well is
the fact that the lanauage supports integer arithmetic as
ooposed to most BASIC implementations which convert all
constants ana variables to floating oo0int format, This
allows ALGOL=-M 1oop control counters to bpe incremented
extremely rapidly. Comparisons tftor decimal calculations
have not been dore, ang thus no conclusions can dbe drawnr
concerninag relative sceeas of calculation=dependent

proarams.
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V. RECOMMENDATTIONS

[hrere are several areas that could be ennhanced in

this

implementation of ALGOL-M. Formatted 1/0 although defined

in tnhe arammar has not been implementea. The 1/0 gefinition

is wvery similar to that of COEBOL and implementation of this

should rot ke too adifficult., File I/Nn is implementea, but
not tested. Nebuagina facilities in the run=time monitor
are not currently imolemented, However, the svstem is

aesigned to oprovide the following information at run=time:

the line numpoer of the currently executina Jine arg

value of each variakle as it is altered.

The currert version of ALGUL=-M is gesigned to run

the

on a

system with at least 20k bvtes of memory. A smaller system

could oe desyraned to run on a lhk system, This

woulAd

involve deleting some of the more complicated sections of

code such as dymamic¢c arravs and recursive subroutines,

The

other features of the lanocuage which are not imrlemented are

relatively minar, and are indicated 1in the orngram

listings.
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300
40uv
S00
7090
800

300
409
500
600
700
800

300
400
500
510
60V
700
8ly

APPEND]LX & = REMCHMAKK PROGRAMS

PRINT "START"®
FOR K=1 TO 1000
NEXT K

PRINT "“ENO®

END

PRIMT "START"®
K=0
K=K +1

IF K<1000 THEM 500

PRINT "Enn"
END

PRIMT "START"
K=0

K=h+]
AsSK/R*K+K=K

IF X <10un THFN S00

PRINT "END"
END

Benchmark Proaram |

BEGIN

IMTEGER A,r?

WRITE("START")Y;

FOK Ke=1 STEP 1|
A:=07

WRPITE("END");

END

Benchmark Proaram 2

REGIM

INTEGER K

WRTITE("STARI");

Ks=0;

WHTLE K < 1900 LO
KeSK+1;

WRTTE("EMD")?

END

Benchmark Proaram 3

REGIN

TNTEGEP 4,K;
WRITE("START")?
Ke:=07

WHTLE Xx<1000 CO
BFGIN

KisK+]l;

As=SK/K*K+n =K,

END?
ARTTE("ENDO" )
END

6d
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300
40u
500
510
000
700
800

300
40y
SNO
510
520
000
700
ano

benchmark Proagram 4

! i

PRINT "START" REGIN
K=V INTEGER A,K;
K=K+ WRITE("START"):
A=K/2*3+U=5 K=y
IF K<100Q THEN SQ0 WHILE X<1900 00
PRINT ™ENDY BEGIN
END Kes=K+ls ]
AisK/2*3+44=57
END?
WRITE("END")
END

penchmark Proaram S

PRINT"START" REGIM
K=0 TNTEGER A,k ;
K=K +] PRCCEDURE DOMUTHING;
AZK/2%*3+d=5 As=0;
GOSuUs 820 WRITE("START")
IF K<1900 THEN 500 Ks=07;
PRINT “END" WHILF K<1000 DO
END BFGTN
Ki=h+l;

Aisn/2*3¢4=57
DUNGTHING;
END:
WRITE("ENU™)?
END

A5
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300
400
439
S00
S10
520
530
S40
600
700
800

300
409
‘; a3y
| 500
510
520
S30
| 535
| sS4y
4 o0v
i (00
80y
b 820

Benchmark Procram ©

PRINTI"START"
K=¢

ODIM M(5)
KSK+l;

A=K /2%*3+44=5
GOsuB 8290
FOR L=1 TO S
NEXT L

IF XK<100g THEN S00
PRINT®"END™
END

BEGIN
INTFGER A,K,L?
IMTEGER ARRAY MT{1:951;
PRUCENDURE CONOTHING?
BREGIN
A:=n;
END;
WPITEC®START");
Ke=0;
WwHILE K<1090 PO
REGIM
Ke=K+1;
t=K/2x3+U=5;
DONOTHIMG?
FOR Lz=! STFP 1 UMTTL 5 DO
43=0;
FND 2
WRITE("END");
EMD

Benchmark Proaram 7

PRINT ™“START"®
K=0

VDIM M(S)
K=K+l
AsK/2*3+4=5
GOsuB 820

FOR L=l TN S
M(L)=A

NEXT L

IF K<10nQ THEM SO0
PRIMT®END"™
END

KE TURM

REGIN
INTEGER A,K,Ls
INTEGER ARRAY M([1:5]);
PRNCEDIRE NDOMOTHING;
BFGIN
A:=0:
EMD?
WRITE("START"):
W:=07
WHTLE X<10090 DN
REGIM
KesK+l;
AszK/2x3+4=5;
DONOTHIMGS
FAR L:=1 STEP 1 UNTTIL S 0O
MILY =47
FND;
WRTITE("END")
END

ho




in

IT

NG
NT
NP
NS
PC
S0
SI
N
[
e
s
un
uF

uP

APPENDIX B - CUMPILER ERKROR MESSAGES

Function/Procecure on

starement,

left hand side of assignment

Incorrect bourd pair subtype (must be integer).

Disk error:

Doublv declarea

lnvalia soecral

no corrective action can be taken
in the orograr.

identifier, label, variable etc.

character,

Subtyoes incorpatible (decimal values can not ope
integer variables).

assigned to

Integer overflow.

[dentifier
function,

is not declared as a simople variable or

Mo ALG file founa.

Subtyoe is

not inftecer.

No apelicable production exists,

Supotype is not strina.

Ungeclared

carameter,

Stack overflow.

Array supbscrict

is nrot of subtyce integer.

Subtyoe has te he integer or decimal.

Subtyoes do nat match or are incompatible.

Symbo!l! tahle averfliow,

Ungeclared
Undeclared
Urngeclared

Unadeclared

subscricten

identyfiraer,

variaole,

file/functionr.

orcceaure,
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vn Varc table nverflaw. Possibly caused by too many
lona icentifiers.
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AR

AZ

CE
oC
W
07

EF

NT
uv
nE

Rl

Il

IL

S0

APPENDIX € - IMTERPRETERP FRRCP MESSAGES

FRRUR MESSAGES
Array subscrict out of bhounds.

Attempt to allocarte null decimal or strina,
agefault to 10 digits/characters.

Disk fite close error,

Disk file create error,

Disk file write error.

Division by zero, resulr set to l.J.

Disk and of file, nn acti~n soectified.

Irteger overflow.

No INT file feourd or directnrv.

Uverflow Aurirg decimal multicly.

Attemot to read cast end ot record on plockea file.
Attemot to rargom access a non=blocked fite.

Significant gigits lost durina decimal store,
value set tn 1,0,

SARMING MESSAGES
Invaliaga Console Irput
Non=sigmificart aiqgit losr “uring agecimal store.

Characters lost gurina string store.

~Q




APPENDIX D ALGOL-M LANGUAGE MAMUAL

This section describés the various elements of the
ALLOL-M languace. The format of the element will he shown,
followed Dby a descriotion and examples of use. The
tollowing notation is used:

Braces {} imagicate an ootional entry.

A vertical bar | indicates alternate choices, one of

which must apoear.

Elicses "..." ingicate that the preceding 1tem mav

ve cptionally repeated.

Reserved waeras are indicated by capital letters.

Reserved words anc other special symbols must aopear as

5hown.

Items appearing 1r small letters are elements of the

lanauage wnich are defined and exolained elsewhere in

the Janauage manrual,
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arithmetic expression

ELEMENT:

arithmetic exoression

FORMAT

integeridecimal

variable

{(} arithmetic exoression binary operator

arithmetic exoressiraon {)}

{t} umary operator arithmetic expression {)},

DESCHRIPTION:®

Operators in ALCOL-M have an imolied orececence which
is used to Aetermina the manner i1n which nperators and
operands are arcuped. A=B/C causes the result of R
divided by C te be subtracted from A, In this case 8
is considered fro bhe "bound" to the "/" ooerator
instead of the "=" operator which causes the division
to be cerformeg first, The impliea orecedence bhi1ngos
operands to the adjacent sperater of hianest
precedence, Tne implied oreceamsnce of ooeratnrs is as

follows:
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unary “.t

* X

x,/

ty-
Parentheses can be wused to override the implied
precedence 1in the same way as they are wused in
ordinary alaebra. Thus the expression (A=8)/C will
cause B to be subtracted from A and the result divided

oy C.

EXAMPLE ¢
(X ¢+ YY) x (Z = Y + X) x*x 2

X + Y ¢+ 2 =2 X & ¥ x 2 / 5,456 + |

72

e e A L maabe i M iab s i e Eoine e o S eimh ke o e+




ARRAY qgeclaration

ELEMENT:

ARRAY declaration

FORMAT:

INTEGERIDECTMALISTRING {(expressien)} ARRAY

identifier ... bound oair list {,identifier}

DESCRIPTION:

The array geclaration dynamically allocates storage
for arrays. The optional integer expression indicates
the lenath of each arrav element, For strinas., the
maximum length is 255 characters ard for gecimals the
maximum lenath is 1R diaits., Integer lenaths are not
specified sinmce storace adequate to recresent all
integer values between =10,3R4 ana +1o, 384 is
automatically allocatea. Arrays are not automatically

initializea to zero.

EXAMPLE ¢
INTEGER APRAY x[0:5,0:57;
DECIMAL(LIN) ARRAY Xx,Yf3:6,5:10}:

STRING ARPAY wWQRDS(Y+3:121;




assignment statement

ELEMENT:

assignment statement

FORMAT

variable := {variable :=}) ... expression

DESCRIPTION:

The exoression is evaluated and storea into the
variable. The types of permissibhle assiaonments are
ingicated by *the followina table?

exoression

integer rdecimal strinag

1nteger yes no no

variable decimal yes . vyes no
strina ne no vyes

Multinle assianments are allowed with the expression

peing assigned to all of the listea variables.

EXAMPLE®
X 1= Y &+ 7;

Y{11 = yf2Y = S0,
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balanced statement

ELEMENT:

balanced statement

FORMAT

{label definiticn} simple statement

{1abel definiticn} IF poolean expression THEN oalanced

statement ELSF khalancea statement

DESCRIPTION: *

I+ the bhooclear expressionr is true, the balanced
statement to tne left of the FLSE is executea. I[¥f the
pboolean exoression is false, the balanced statement to

the right of the FLSE is executed.

EXAMPLE

e
1]

n

-

1F & ¢ B THFN A := | ELSE A

[F R = C THEN
BEGIN
ARTTE(B)
R = 8 ¢+
END
ELSE
REGIN
WRITE(C):
C t= ¢ ¢ 13
END;

1

PRUGRAMMING NOTF:

A semicolon 15 not allowed after the statement




1mmediately preceding an FLSE.
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ELEMENT:

block

FORMAT:

BEGIN {(declaration;} .

OFSCRIPTION:

statement,

The pblock is tne foundation of thne

Each time a mew hlock

cgeclared. These variables are

that a variaple X

represents two different
within a block is dynamic ana allocated when the hlock

is entered anc gae=allocated

geparted. A Flock

statement can be useaqa,

declared

EXAMPLE

BEGIN

X 2= 13

Y := 23

END;

IF x = v THEN
REGIM
Y = 357
Y *= 4y
END;

PRUGRAMMING NOTF:

717

is enterea new variabtles may De

he usea any place a simole

Yanguaae.

uniyaue
in two aifferent blocks

variables.

when




Declarations may not apoear in case blocks. The final
EMD, whieh matches the initial orogram BREGIM, is mot

followed by a semicolon,
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toolean exp

ELEMENT @

boolean expression

FORMAT

40T voolean exgression
pocolean expression OR pnolean expression
boolean expression ANN boolean exoression

{(} expression =i<i>i>=!<=}i<¢> expression {)}

UESCRIPTION:

Integer-intager, decimal=integer, cecima)
integer=-decimal, and string=strina: compari
allowed in ALGOL=M, For inteaer=decimal and
imteger comparisons the inteqger value is cen
a gecimal value prior to comparison, Ihe res
comparison of numerical values is pased on th

the numbers. The result of a comparison o

values depends on a character=hy=character comparison

where the first instance of a non-eaual
establishes the poolean result. The
saquence of the ASCTI craracter set is used ¢
comparisons. Generally, numbers are followed

case le*ters which are followed by lower case

EXAMPLE ¢

79

ression

-gecimal,
sons are
decimal=-
vertea to
ult of 2
e si12e of

¢ strinaq

character
coltating
or strina

Oy ugoper

letters.




X >Y UR Y < 2Z;
(X = Y) AND (Y = 7 OR Z = 10);

IF NOT X = t THEN wRITE("HELLO™);




bound pair list

ELEMENT:

bound pair list

FORMAT

; (expression : expression{,expression ! exporession} ...l

f CESCRIPTION:

! Expressions inm tne hound pair Jlist must LCe of tvpe
1integer and creater than or equal to zZero. There can

be no more tnan 255 agimemsions.

EXAMPLE
(1:7,0:5]

{3:6,x:v)

(vx3:z,1:12])

o




CASE statement

ELEMENT:

CASE statement

FORMAT: 3

CASE expression (F
QERIN
statement; ...

FND;

DESCHRIPTION:

The CASE statement allows the proarammer to chose one
of several statements to be executed, The statement
choser decends cn the value of the inteaer expression,
The first statemert s executea it the exoression
evaluates to rero. If the va%qe of the expression is
greater than the number o0f statements in the case

vlock, the resulting action is unragefineg.

EXAMPLE:

CA3E X + Y NF
REGIN
WRITE("CASE 0");
WRITF("CASE 1"); !
FNDS; :

"e




ELEMENT:

CLOSE statement

CLUSE statement

FORMAT

CLOSE identifier {,igentifier) o

DESCRIPTION:

This statement allows the oproaorammer to explicitly

close the

file innicated, Closina a file results in

the file heino rewound (i.e., if it 1S reonpenegc the

tfile hegins at tne firgt recora), Anv nurber of files

may be cpen at anv one time. All files are implicitly

closed at the eng of the orogram,

EXAMPLE :

CLOSE FILE1L,

FILE2:

R3

i sl i niani
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constant

ELEMENT:

constant

FORMAT:

integer!decimal!string

DESCRIPTION:

A constant may be either an 1nteger, oecimal, or

strina constant, Integer constants are numbers with
no decimal ooint ranaing from =14,384 to tlo,5Rq,
Decimal coanstants are numhers with a decirmal voint and
m;y not exceed '8 aigits in lenath. String conrstants
may be composed of anv comoinaticon of alphanumeric and
scecial charaters and may be up to 255 characters in
lenath, Strincs enterea from the console or gisk may
ce either enclosed in Aauotation marks or delimiten

with blanks. Strinas used as constants in the pragram

must be enclosec in gquotatiom marks,

EXAMPLE:
10
10,5678

"EXAMPLE ONE®

A4




U

ELEMENT:

declaration

DESCRIPTION:

See FILE deciaration,
declaration, crocedure

declaration,

a9

geclaration

ARRAY declaration,

declaration, and

simple

function




expression
ELEMENT:
expression
FORMAT
voolean expressionjarithmetic expression
DESCRIPTION:

See arithmetic exoression and boolean expression.

>

ke




FILE declaration

tLEMEN) ¢

FILE declarationr

FORMAT:

FILE icentifier {(expression)} {(,icentifier

~

{{expression)t} ...

DESCRIPTION:

The identifiers used in the FTLE declaration are

identifiers which reference actual tile names,
actual file names may be assianed at compile=-time
at run=time, The ootional integer expression

following the file identifier is useag to scecify

record length ir bytes for blocked recordse.

EXAMPLE

FILE TAPEY, TAaPEZ(128);

R7
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FOR statement

ELEMENT:

FOR statement

FORMAT:

{1abel defimiticn} FOR assianment statement

'(STEP expressior} UMIIL expressior DU simole statement

DESCRIPTION:

o

Executinan of all statements within the simple
statement are reveated until the ingexina variable is

greater than or equa) to the wvalue of the UNT]L

expression. The 1indexing variable is incrementea bv
the amount specified in the STEP excression and must
be 1incrementea by a positive amount. The UNTIL and
STEP expressions are evaluated on each loop. Tf the
optional! STEP expression is omitted, a default value

of one is used,

-y

EXAMPLE @

FOR I := 1 STEP | UNTIL 10 DO
X = Y3

FOR INDEX := ¥ + Y HLNTIL X * Y DO
BFGIN
A := A + R;
WRITETA);
A IVH

i
1
i

ay




function call

ELEMENT:

function call

FORMAT: 1

identifier {(excression {(,expression} ...)}

* UDESCRIPTION:

Functions may acpear as primary elements in arithmetic
or Dboolean excressions. Parameter passina 1S Oy
value. Functions may be called recursively with no

limit to the nurper of recursive calls allowed.

EXAMPLE

fQ




ELEMENT:

function declaration

function declaration

FORMAT:

INTFGER!DECIMALISTRING FUNCTION identifier

{tidentifier {,idcentifier} [..)}

{declaration:

DESCRIPTION:

A function

parameters,

geclared before the simnle statement which repgresents
the body of
value and may be of tvpe intecer, aecimal, or string.
Functions return a value to the point of call, The
value to be returned is assigned to the function name
(which 1is usec as a simple variable within the
tunction) prior to the end of the tunction. Functions
may be called recursively with no limit set as to the
number of recursive calls which can be made. Variables
may be declareg witnin functions ana are considered

local tn the furction,

EXAMPLE:

IMNTEGFR FUNCTTON VALUF(Y):

declaration may or may not incluge

«es} simple statement:

{f oarameters are incluged thev must be

the fumction., Parameters are oassed by

ay




INTEGER X;

REGIN

X t2 (X %2 §) ¢ (¥ » 2 );
VALUE = X

END;

AT T T




GOTD statement

ELEMENT:

GOTO statement

FORMAT :

lapel detinition GU TN identifier!integer

label definitior GOTO i1dentifier;intecer

DESCRIPTION:

Execution contirues at the statement labteled with the
identifier or integer followina the GOTU oef GU TO

statement,

EXAMPL E s
NEXT: GN TO 1007

100: GOTO NEXT;

PROGRAMMING NOTE:

GNTO statements can onlv be used to branch within tne

current olock or to an outer block.



ELEMENT:

identifier

FORMAT :

letter {letter number} ..

DESCRIPTION:

[dentifiers Degin with a

any alohanumeric characters.

to 295 characters may be

characters are actualiy

icentifiers,

EXAMPLE
A
NAME

COUNTER1

Q3

a

used,

used

identifier

letter andg are
Althouah
only

to

continueg with

identifiers yuo

gistinguisn




IF statement
! ELEMEN]) ¢

IF statement

DESCRIPTION:

; See balanced statement or yrbalanced statement.,

g




ELEMENT:

label definition

FORMAT:

identifierintecer

DESCRIPT{Owm:

Label agefinitiors are

uncalanced statements,

EXAMPLE ¢
FINTSH:

100

optional

lape)

on

al

geftinition

bpalanced

or




A
i
;

oy s A b L

e

procedure cal?

ELEMENT:

procedure call

FORMAT:

identifier {(excression {,expression} ...)}

VESCRIPTION:

Procedures can ke called with or without parameters.,
Parameter passina is bv value. Procedures can be
called recursively with no limit set as to the number

of recursive calls.

EXAMPLE
COMPUTE:

COMPARE ("AaAA"™, WORD);

COUNT (L, 2, 3):

sk b Pttt i+

FOPRNTR UGS R g s




e

procedure aeclaration

ELEMENT:

procedure oceclaration

FORMAT:

PROCEDURE identitier {((identifier {,identifier} ...)}

{declaration; ...} simple statement

ODESCRIPTION:
A preocedure gqgeclaration mav or may not inciude
parameters. If parameters are incluaged they must De

declared before the simole statement which represents
the body of the procedure, Parameters are ovassed by
value and may pbe of type inteaer, decimali or stfing.
Procedures do net return a valuye to the point of call.
Procedures can te called recursively., Procegures are
considered secarate blocks within which local

variables may pe declareg.

EXAMPLE:

PROUCEDURE OUTPUT;
WRITE ("HELLN™);

PRUCEDURE COMPARE(X,Y);
INTEGER X,Y;
BEGIN
WRITE("THE LARGEST IMNIEGFR 1S "):
IF X > Y THEN
WRITE(X);
ELSE
NRITECY);
EnND;

Q7




READ statement

ELEMENT:
READ statemeét
FORMAT:

READ (variable {,variable} ...) {(ONENDFTLE block}

DESCRIPTION:

If the form of the READ statement is PEADC, then the
input device is the console. Otherwise a file oction
must be specified and the inmput device is the disk. A
READ statement reads one or more variables at a time.
The ootional ONENDFILF s: indicates action to ©be

taken when the end of the spvecified file is reached.

EXAMPLE:
READ (WURDONE, x, VALUEZ2);

READ FILE3 (AORDUNE, X, VALUE?):
PROGRAMMING NOTE:

The ONENMDFILE sectinn is curently not implementec.

9§




T

ELEMENT:

reserved word list

FORMAT:

letter {letter} ...

DESCRIPTION:

reserved wora

The following werds are reserved by

not be used as identifiers:

AND ARRAY
CLOSE DECIMAL
END EXTERNAL
G0 GOTO
IMTEGER NOT

OR PIC

STEP STRING
10 UNTIL
#“RITEON

BEGIN

Do

FILE

IF

OoF
PROCEDURE
Tag

wHILE

Reserved words must be preceeded

ALGOL=-M  ang

CASE
ELSE
FUNCTION
INITTAL

ONENDFTILF

WRITF

and fcllowed

either a special character or a srace. Scaces mav

be embedded within reserved words.

a9

list

may

by

rot
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simple statement

ELEMENT:

simpla statement

FORMAT

block!assignment statement|for statement|
case statement|close statement aoto statement!
while statementiread statement write statement |

procedure call)identifier

OESCRIPTION:

Al]l ALGOL~M statements are free form and must

separated by semicolons,

100 .

be




simple declaration

ELEMENT:

simole declaration

FORMAT:

INTEGER!DECIMALISTRING {(igentifier!integer)}

identifier {,igcentifier) ...

DESCRIPTION:

Simole inteaer variaples may be anv value between
-16,3R4 and +16,384, Simple aecimal variables can be
scecified as anv lenmgth trom one to R diacits with a
default length of 10 digits. Simple string variables
can ve scecified as anv lanath from ore to 2S5

characters with a default lenath of 10 characters.

EXAMPLE @
INTEGER X:
DECIMALCLIS) X,Y2

STRING(33) WORDONE, A~0ORDTWO, WORDTHREE;

101




snecial characters

ELEMENT : i

soecial characters

DESCRIPTION:

The following scecial characters are used by ALGOL=M;

( ooen oarenthesis |

) close parenthesis
* asterisk

+ plus

- minus

: colon

semicolon

-e

< less=than

> greater=than
= eaual

’ comma

{ ooen bracket

| close oracket

assignec equa) ' ;
** exponantiation

r4 percentage
Any smecial character in the ASCII character set may

aopear in a strina. Special characters, other than

those listed abcve, will cause an error corgitiom ¢ i

used outside of a strina.

1ne




ELEMENT :

TAB expression

FORMAT:

TAB expression

DESCRIPTION:

TAB is optionally used

spacing on the outout

in a WnRITE statement toO Ccause

lire.

The

TAB expression

amount cf spacing

specifieg bv the inteaer excression following 180,

EXAMPLE:

NRITE(™NEXT NAME", TAR

S, NEMELT]):

103
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unbalanced statement

ELEMENT:

unbalanced statement

FORMAT:

{1abe! definition} TF boolean expression THFN statement

{labe! definition} IF boolean expression THEN balanced

statement ELSE unbalanced statement

DESCRTPTION:

| Unlike the balanced statement that will always have a
vpalanced statement on either side of the ELSE 1n an [F
THEN ELSE structure, an urbalanced statement may not

even include tne ELSE portion of the statement.

EXAMPLE

IF S > Y TrEN WwRITE(X) S

IF X <« Y THEN
IF Z > ¢ THEN
WRITE(Z)
ELSE
WRITE(X);

PROGRAMMING NOTF:

A semicolon is not allowed after the statement

immeaiately oreceding an FLSE.

104




variable

ELEMENT:

variable

FORMAT

identifier {{bound pair lis*)}

VESCRIPTION:

A variable in ALLOL=M may bte simple or subscripted and

of tyoe INTEGFR, DECIMAL, or STRPING.

EXAMPLE ¢
X
VALUE 2]

ZUl,X = Y]

105
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WHILE statement

ELEMENT:

AHILE statement

FORMAT:

wHILE noolean exoressior DU simecle statement

VESCRIPT[Oun:

WHILE statements continue executing the simole
statement followina the NDu for as long as the toolean

expressicn is true.

EXAMPLE
NHILE I > 0 00
I := 1T -« 1;
wHILE x > S AND v <» R DO
BEGTN
X = ¥ /33
WRITE(X);
END?

106
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WRITE statement

ELEMENT:

ARITE statement

FORMAT :

WRITEIWRITOM {tile cotion}
(expressicnitap expression,pic definitionistring

{,expression;tab exoression!pic aefinition;string}

DESCRIPTION:

ooo)

The WRITE opticn indicates tve oautput will start

printina onr a rew line, while the WKIJEQOM option will

centinue orinting oM *tne sarme line, Tt the form

of

the statement 15 %RTTFE( or WRITFUN(, the output gevice

is the console. 0Otherwise, a file ootion must

specifieg ano the outout device 15 the disk,

EXAMPLE ¢
wWRITE(X);
WRITE("THE NUVBER [S",Xx ¢+ Y);

WwRITE("ANSWER", TAB S, Y * Y);

PROGRAMMING NOTE:

The PIC gefinition is not currently implementea.

ce




APPENDTX E ALGOL=-M LANGUAGF STRUCTURE

In the followina sections, the syntax of the lanauage
will be listed in BNF notation followed by the semantic
actions (offset with asterisks) associated with that
production. The Adescriotion will pe given in terms of
compiler aata structures and the ALGOL=-¥ machine coaqe
generated. Items erclosed in Dbrackets and separateg by
slants are alternative semantic actions. N/A indicates no
action. fhis>noraficn is similar to that usea ir REF & and

REF 10,

1 <porogram>

: block> ='-
x<plock>; 7

= <
XTT; {eof indicator}
2 <black> ::

: <tlock heag> <block ena>
x<plock

heard>; <block era>

3 <blnck heag> ¢

$= <plock head> <declaratior> ;
x<plock head>;

<declaration>

d4 i <beain>
*<plock>

o <block end> ::= <hlock bodvy> ; end
xRLD

/I <block bkody> ::= <statement>
x<statement>

8 <block bhody> ; <statement>
*<plock bogvy>? <statement>

9 <declaratiomn> ::= <file declaration>
x<file declaration>

108
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1

1

12

13

14

15

16

17

18

19

20

et

21

22

23

eu

25

{ <simple declaration> |
t<simole declaration>

i <simple declaration> <initial option>
x<gsimole declaration>?! <initial option>

+ <array declaration>
x<array declaration>

i <array Aeclaration> <initial option>
*<array declaration>; <initial oprion>

! <subproaram declaration> -
x<suborograr declaration>

+ <external declaraticon>
*{Not implemented)

<simple declaration> ::= <declaration heaqg>
<igentifier>
x<declaraticn head>: LIT {idertifier agdress}
* (ALD/ALS/ N/A for inteaers])

<initial ootion> ::=2 <initial head> <constant> )
*<initial nead>; <constant>

<initial heae> :!2 inmnitial (
N/ZA

{ <initial heaa> <constant> ,
x<initial head>; <constant>

<declaraticn head> ::= <declaration tyoce>
*<declaraticn tvpe>

! <declaration head> <igentifier>
’
x*<declaraticn head>; LIT {identifier aadress}:
*{ALD/ALS/ M/A for inteaers]

<geclaraticn tvpe> ::= strina
*IM1 {strinc default size}:

! string <size ootion>
*<size opticn>

! inteqer
NZA

! decimal
*TM] {gecimal detault size}:

1n9




26

27

28

29

30

31

3e
32

33
33

34

35
3S

56
36

37

38

39

uo

! decimal <size option>

xk<gize opticn>

<size aption> ::2 ( <variable> )
L ITLOAD {variable address};

! ( <integer> )
*<integer>

<statement> ::= <palanced statement>
x<palanced statement>

! <unbalanced statement>
a<ynbalanced statement>

<balanced statement> :(:= <simple statement>
*<simole statement>

! <if clause> <true part> else
<hbalanceg statement>
*<if clause>; <true part>; <balanced statement>

! <label gefinition>
<halanced statement>
*<label definition>; <balanced statement>

<unmbalanced statement> (:= <if ctlause> <statement>
x<if clause>; <statement>
! <if clause> <true part>
else <unbalanced statement>
x*x<if clause>;, <true part>; <ymbalanced statement>

¢+ <label definition>
<unbalarced statement>
*<]lapel definition>; <urbalanced statement>

<trye part> 1:= <palancerd statement>
*<palanced statement>; BRS {adaress of end of
kcurrent statement}

<lapel definition> $::= <igentifier> :
N/A

i <integer>
N/A

<simela statement> ::= <hlock>
2<plock>

110




et et

41

42

43

44

45

46

47

48

49

50

51

52

Se

53

S4

55

56

57

{ <assignment statement>

*<assignment statement>

{ <for statement>
x<for statement>

<while statement>

*<whi'e statement>

<reag statement>

2<read statement>

<write statement>

*<write Statement>

<case statement>

k<case statement>

€ao to statement>

*<go to statement>

<close statement>

-

x<close statement>

{ <orocedure call>

*<procedure call>; PR0O;
! <igentifier>

*IM2 {subroutine aadress}:; PRO; POP;

<assignment statement>
*<jeft part>; <axoress

ti= <left part> <exoression>
ion>; (SIT/S1ID)

! <left part>
. <ass.ianment statement>
*<jeft pmart>; <assianment statement>

<lett part> :1:= <yariable> :=
x<yapriable>; (LIT/LTITLOAD?

<expressigon> :1!= <arithmetic expression>
*<arithmetic expression>

i <if expression> <expression>
N/ZA

<arithmetic expression> $::= <termd>
*x<tearm>

{\ <arithmetic expression> +




97

58
58

59
59

60

61

6l

63

od

65

66

67

68

69

70

71

72

<term>
*<arithmetic exnression>; <term>; (ADT/ADD]}

i <arithmetic expression> =
<term>
*<arithmetic exoression>; <term>; (SBT/SED])

i <arithmetic expression>
! 1 <term>
A<arithmetic expression>; <term>; CAT:

y = <term>

x<term>; NEG

P+ <term>
x<term>

<term> ::2 <primarv>
x<primary>

i <term> * <primary>
k<term>; <primary>; [MLI/MLD]

i <term> / <orimary>
xr<term>; <primary>; [(DvT/DyD]

<primary> 12 <primary element>
t<primary element>

! <primary> *x <primary element>
*<primary>; <orimarvy element>: IXxP

<primary element> ::2 <yariable>
*LITLOAD {address of simple variable}/ N/A for
*subscriptec variables/ IM2 {subrountine
*address in code areal; PRY
! <constant>
x<constant>
! <procedure call>
*<procedure call>
' ( <assignment statement> )
*<assignment statement>
! ( <expression> )
*<expression>

<cOnstant> :1:= <inteqger>
*INT; {constant)
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74

76

77

78

79

80

81

82

83

84

85

86
86

' <decimal>
*DEC; {constant}

I €string>
*STR; {constant}

<variable> ::= <identifier>
NZA

{ <subscripted variable>
*<subscrioted variable>

<file declaration> ::= <file nead> <file name>
«{not implerenteaq)

<file heaag> ::= file
x{not implemrented)

! <file heag> <file name> ,
*{not implerenteg}

<file name> ::= <strina> <lemgth ontion>
*{not implerenteqal

! <strina>
*{not implementeq)

! <ldentitier> <length option>
*{not implementeqg}

! <identifier>
*{not implerenteqg)

<lenath notion> ::= [ <idantifier> ]

x{not implerenteqg}

' [ <Cinteger> }
*{not implerenteqg)

<array geclaration> ::= <array list>
<boura pair list>

k<arpray list>? <pound pair list>;
*LIT (&8 of arraysim)}: LIT {tvype of
*array)?
*followed bv:

(1) LTI {array location}

(2) m=m=1 if m=0 then halt else steo(l)

113
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88

89

90
90

91

92

93

94
94

95

96

97

98

99

100

101

.€gn to statement> ::!= <qgo to> <identifier>

<array list> ::= <array head> <identifier>
*<array head>

<array head> :(:= <declaration type> array
x<declaration tvpe>

{ <arrav head> <identifier> ,
x<array heard>

<pounda pair list> ::= <bound pair head>
<pbound pair> |}
*<hpounda pair head>; <bound oair>

<bound pair head> := [
N/ZA

i <bound pair head> <bound pair> ,
*<pound pair heaag>; <bound pair>

<pound pair> ::= <expression> ! <expression>
x<expressionr>; <expression>

<sypscrioted variabhle> $::= <subscript heag>
<expression> )

x<suybscriot head>; <expression>;

=L ITLOAD <arpray adaress>; SUB

<suybscrict head> :!3 <igentifier> I
N/7A
i <subscript head> <expression> ,
*<suhbscript heaa>; <expression>

#DCB {# ot Flocks to decrement}/NOP;NOP
xfollowed bv RKS {branch aadress}

! €go to> <integer>
*xDCB (# of blocks to decrement} /NOP;NOP
*followed by RRS {branch aadress}

<go to> :1:T a0 tn
N/A

! aoto

N/ZA

<read statement> ::= <reag head> <variaple> )
x<read heag>; LIT/LITLOAD {address of variable}:
*RDT/RCT; STD/SDD/SSL

xif console /0 then FCP

_




<read heag> ::= read (
*RCN

103 ! read <fijle option> ( - g
x{not implementeg)}

104 ! <read head> <variable> , 1
*<read head>; same as production 10t

10S <write sStatement> ::= <write head> <exoression> )
*<write head>; <expression>; (WIC/wDC/WSC/wID
*WOD/WID]

106 ! <write head> <tab expression> )

x{not implerenteq}

107 ! <write heaa> <pic definition> )
*{not implerenteqg!}

108  <write nead> ::2 write (
*DMP

109 i\ write <file ontion> (
*{not implerenteq!}

110 i writeon (
N/A

111 I writeon <file optior> (
*{nat implerented?

112 ! <write heag> <expression> ,
x<write head>; <expression>; (LIT/LITLOAD)

113 ! <write head> <tab expression> ,
*{not implerented)

114 ! <write heaag> <pic definition> ,
*{not implerented)

11S <file optien> ::= <jidentifier>
NZA
116 ! <identifier> <rec option> ]
NZA
117 ! <string>
N/A
118 ! €strina> <rec option>
NZA
119 <rec option> $:= , <igentifier>
N/ZA




120

121

122

123

124

125

126

127

128

129

130
130

131

132

133
133

134

135

136
136

{ ¢+ €inteqger>

N/A

<pic definition> $:= <pi¢c heaag> <pic list> )
*{not implemented)}

<pic head> ::= pic <string>
x{not implerented}

! pic <identifier>
*{not implementeq}

<pic list> := ( <expression>
x{not implemented)}

! <pic list> , <expression>
*{not implerenteaqa}

<tab expression> !!= tab <exoression>
*{not implerented}

<if clause> 2:= if <hoolean expression> then
*<boolean expression>; RSC {oranch aaodress}

<if expression> :I= <if clause> <expression> else
*{not implemented}

<boolean expression> ::= <bhoolean term>
*<poolean term>

t <hoolean expression> or

<boolean term>
x<poolean expression>; <boolean term>; RUR
.

<boolean term> = <hoolean orimary>

x<poolean primary>
'\ not <boolean orimary>
x<bnolean primary>; NOTO

!\ <boonlean term> and
<boolean orimarv>
*<poolean term>; <poolean primary> ANDO

<pcolean primary> 2:= <logical expression>
*<jogical expression>

! ( <bnolean expression> )
*<poolean expression>

<logical expression> ::= <axpression> <relation>

<axpression>
*<expressionr>; <expression>’; fstrina, integer,
*or decimal relatioral nperater)




P T

157

138

139

140

141

142

143

144

145

146

147

147

1dR

149

150

151

152

<relation>
N/A

A

N/A

N/A

{ <comp>
N/A

<ccomp> 13 < >
N/A

iNZA

N/A

<while staterent> ::= <while clause> <do statement>

x<while clause>; <do statement>; BRS
*{pranch location}

<while clause> ::3 <while> <hogolean expression>
x<poolean expression>; RSC {(branch address}

<while> 2:= while
N/A

<for statement> ::2 <for clause> <steo exoression>

<until clause> <do statement>
x<for clause>! <step exrression>; <until clause>;
*<do statement>; RRS {pbranch acdress}

<for clause> ::= for <assianment statement>
x<assignment statement>; RRS {brarch address}:
*LIT (counter variable}; LITLOAD {counter variable}

<steo exoression> :3

T step <exnpression>
x<expression>; ADT; S10?

LITLOCAD {counter variable}

<yntil non=term> <expression>
<expression>: LEQ; BSC

<until clause> ::=
r<yntil non=term>;
}

*»{pranch aadress

<yntil none=term> ::= uyntil

*{IM] {one}:; ADT; STD: LITLOAD {ccunter variabhle}/
N/A if there is a steo axoression]

<do statement> ::= go <simple statement>

*<gimple statement>
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153

154

155

155

156

157

158

159

100

161

102
162

103
163

led
lo4

105
165

106

107

<close statement> ::= close <identifier>
*{not implemented)

! <close statement> , <identifier>
*{not implerented)

<suborogram declaration> (= <subprogram heading>

<simple statement>
x<syborogramr heagina>; <simple statement>; LIT
*{subroytine PRT address}: UNS; RTN; LIT{SBP}:
«LIT 0; SID?

<suborograr headina> ::= <function heading>
*<fynction heagina>
{ <orocedure headina>

*<procedure heading>
<functiomn heading> ::= <paramless function>
x<paramless function>

i <function & params>
*<function carams>; SVZ2

<procedure heading> :!= <paramless proc>
x<paramless proc>

! <proe R params>
x<proc & ocarams>; SVe

<paramless function> ::= <declaration type>
function <identifier> ;
*<declaration type>

<functiom R params> ::= <function heac>
<jdentifier> ) ;
x<fynction heag>
' <function R params>
<declaration> ?
*<function carams>; <declaration>

<function heag®> ::= <declaration tvpe> function
<identifier> (
x<geclaraticn type>

! <fumction head> <igentifier> ,
*<fynction head>

<paramless proc> ::= procedure <identifier> ;
*IM1 {parameter count}; IM1 {local variable &
tparameter offset}); LIT {base of PCR}; SAV; BLI
*it this is a non=inteqer functior then
*LITLNAD {lenath of return value}:

*L[T (PRT adaress of function}; [ALN/ALS)
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108
168

169
109

170

171

172

173

174

175
175

176
176

177

178

179

180

161

182

183

<proc % params> ::= <procedure head> <igentifier>
) 4
x<procedure head>; same as oroduction 167 g

! <proc & params> <declaration>

’
x<proc params>; <declaration>

<procedure head> = procedure <igentifier> (
*BLT;

! <procedure head> <igentifier> ,
N/ZA

<procedure call> ;:3 <call heading> <expression> )
x<cal) heaging>: <expression>; IM2

x{adaoress of subroutine in code area:: PROD

<call heaging> ::= <igentifier> (
N/A

<call heading> <expression>

x<expressionr>

<declaration tyoe> external
function <extermal list>

< declaration> @

*{not implerenteqt

! external procedure

<external list>

x{not implementeg}
<extermnal list> 1:% <identifier>
x{not implerented}
! <external list> , <igentifier>
x{not implerented)}

<case statement> ::= <case heading> <case bleck>

x<case headina>: <case block>;

*xdo n timesin=numher of statements in case block)
BRS {address of case statement(n)}

<case headina> ::= case <expression> of ;
x<expression; LTT {3}: MPI; [M2

x{address of end of case hlock}: SoR; BFA

<case black> ::= pbegin <case block bodv> i era
NZA

<case hlock bhody> ::= <statement>

r<statement>; BRS {aadress of ena of case block}
! <case block boaov> i <statement>

*game as oroduction 8¢
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declare

dec lare

declare

ALGOL-M PROGRAM LISTINGS

/x1load point for compil.rx

ERERERE R EKR LR R R I N LLI T RERELEREY EPREE LR RRKERRE LKL NR
RERLEEXEEIR
P Tt Pt P2 23 2T ARSI RS S LS ENIT S 2+ 323333333 +3 3 5

EERREERERK sv3tem llterals

false titerally °0

true 1iteoralis "1°,

it literally " l:terally’ .
bdos 11t '3h°'. /X entry point

starthbdos address inirial‘%h). -“Ffadir of ptr

max based startbdce addioss,

boot 1ty '@’ /% exit to return to
pstacksize 11t 48", . stack sizes
intrecs lze tie  '128°,

dr 1 11t ‘dectare’,

proc 1it ‘procedure’,

fileeof i "1,

rfile it 20 .

ldents ize it 32,

addr 1it ‘address’ .,

forever 1it "while true’,

varce ize it "19e-,

indexs ize ltt 'address’,

statesize Iit 'address’,

maxonecount it "23°.,

cr it "(3°,

if 1it "@ah’,

atringdelim it °22h°,

questionmark lit °*3fh’,

tab ity ‘9o%n° ,

colin 11t '3ah’.

comment 1it '9°,

conbuffaize 1it ‘g2,

eolchar lit "odh’ .,

hashtblsize lit ‘64",

sourcerecsize it '128',

hashmask lit '63°,

contchar 11t "Seh’.

eoffiller tit "lah’,

percent 1ty '28h":

ma Xrno literally ‘132'./% max read coant x/
maxino literally '190° ,/x pax look count %X/
ma xpno literally '3}9¢’ /% max push count *x/
maxsno fiteraily *373',.'%2 max state count */
starcts literally '1',/% start state *x/
prodann 1iterslly '183°..% pumber of productions
semic literally '8’ .. % gemicolon */

colonc literally *13°',/%X colon *x.-

doe literally "18°./% do %/

enflec liternlly '24°,”/¥ eof %/

endc literally '26°,,% end *x~

string literally "49° .. atring *-

decimal literally °*52° ,/* decimal x~
integerc lilterally "33 ..% {nteger =

proce literally "54°' . /* procedurs ¥
ldentifier 11t "33, ctdentifier*x/

te rmnn literally *35°: "% terminal count *x-
ahloe address initial 8L,

esurcebuaflf bamed «bln i vnurrarersaize? bhyte,
senrceptr byta inttinltsourceracaize),
buffptr byte inttialc2850,
errorcount addr-as inttial o,
1lnebuff(conbuffaize) hyte,

lineptr byte Inttinloor,

tn disk operating svstem */
to top of Ldus X~

x/ i

*,

operating sysiem X/
for parser ¥~

x/

m\“—d o " A‘ v




j {ineno addernan,

; passl by imitialy true),

; puss2 hvte initioltfilae),
nointfile byte initialf fatsel,
rfchaddr addrass inltial(5-i,
rfcbhb  based “1Tebaddr(33) byte.
wich(33) byte Initial(o.’ ‘,Vatn' ,0.0,6,.9)
cursourcerecaize hyta Initial(sour~erecsizel,
notook Dyt
production hyte,
arr8loct3) add:reaw.

g arrs$nus byte,

i sub$procsloc addrega.

g subSprocdvardnam hyte,

1 arrSdim byte,
diskoutbuff(intrecsize) hyts;

/7% the following global wvariabliee are nsed by the scanmner >
declare token byte. . % type of tuken Just scanned */

hashcode byte. . % ha® value of current token Xx.
nextchar byte, m current character from getcehar x/
accum( tdentsize) byte, 7% hbo i.ls current token ¥~
cont byte: “f indlicates accum wad full, stil]l more */

SRR TR L L L LT KR L LK LR R LR LT CRHELLKL KL EE XL LKL KRR RE K/
e symbol table global variables *®
P R PRt 32 TP P TP NP TIP LT PP EFLISTTIE TSI S T 3 T T

dec lare base address, /% bdbase of current entry %/
hashtable(hashtbisize) address,
sbtbltop address, “Feurrent top of symbol tablexs
abtbl addr~ss,
ptr hamed base byte, /%first byte of entry */
aptraddr address, ~%utility variable tn access tablex/

addrptr bagsed aptraddr address,

byteptr based aptraddr byte.

printname address, “*Xget prior to lookup or enterx/
symhash byte,

prev8blikSleve1(12) byte,

prevBindex byte initlal(253).

satep®flag byte,

blkScnt byte initlali(9),

bikSlevel byte initialC(1):

declare readl data(9,39,12,15%,33,.53.2.49,52.53.53.3,8.8,19,20,26,27,31
.34,33.39,40,42,43.48.53,37,19,20,26,27.31,34.35,39.490.42.43,48.533
.59,.35.33.53.53.13.33.33.,23,2.3.9.20,28,49,32.33.53,33,2.3.9.20,499
.32.53.53.49,55,2.3,9,20,49,32,33.35,2,49,33,55,2.49.53.2,2,2,49,33
,11,14.34,51,53,13.7.4.33,55,2,13,14,2,14.14,2,8,11,7,11.7,11,11.,2.8
,4,6,10.24.33,35.16.7.11.2,T,11.17,7.11.,7,49.33.11,19,29.27,31,34,38
i .39.,40.42.43,48,33,33.32.33.14,8,19.20.27.31,33.34.35.39,40,42,43, 44
! ,45,47.48.59,53.34.33.4,11.,1.,12,1%5,21.7.11,7,11,4,11,1,7.12,1%,32,7
,13.36,2.3.9.20,29,30,49.32,53.35.8.8.8.2,2,2.23.39.49,352.353,18.11
.533.33.49.43.47.90.34,7.11.55.7.41,8.11,41,33.38.350.531.46.22,037,.7,22
,19,27.31.34.33,39,40,.42,43.48,55,7.3.3.9,0);

declore inokl 1ata(®,12,15,.0,:5.0,.2,0,2,9.11,0,14,0.8,17,32,0.2.14.0, (4

. 9,11,0,14.9,11,0.1([.9.2,{4.17.9,6,10,9,5,10,.0,6,10,0,6,10.9,6,10,0

‘ ,6.19.9,16,9,16,0,16,0,17,0,11.06,23,0.25,0,11,9,11.0,33.44,45,47.,30
. %54.9,11,0,33.0,46,0.33,34 33 .47.30,34.0,32,9.22,0.46,0,3.53.9 .0

; declare applyl data(d. 8,1 0.0 .92.0,0.131.145.0.0,149,0.0,90,0.44 0. 14,13
| . 40.,093,0,37,93,143,0.97 1:4:,68,9,0,27,150,9,3,4,32,935,0,9,3.4,6,22,2
L,33.30.37.86,.94.93, 117,122,130, 134,136, 17,0,0,7,8,10,16, 17, 0,111,118
9,26 .0,124.90,3.4.3.14,15,27.12.37.40.93.93.96,101,143.150.0.0,0,0
2 63,.9.90,0,0,.0.0,0,9,0.0,0. 0 8.0),0,42.16.0,6].0,06,0,0,0,14,15,37,40
,93.191,143,0.9.3,T2.9.20.0.31,.33,.0,.0,0.0,0.0,0,90,0,0,0.0,1:5.0,0,0
OO 0. 0.0.0.0.0,14 13,27, 37,490,793, ,143,130,0,0,0,52.0 9.0,0,0
)

declare read2i234) addroee jnitinld




(0,195,331,332,54.141,4,264.263,262,160.10,353,358.28
,29,196,32,36.290,38,193.41.330.42,.46.33,159,28.29,371,32,36,2990,38
,198.41,.336,42,46.33..39,344,319,209,368,333.35,70.289,3.7.'6¢,29,33
,264.263.262,160,161.3,7,16,29,264.263.262.164.312.313,4.7. 16.29,264
. 263,262, 160,292,157, 162,343,298, 157, 1A2,73,208,300, 157, 162,20 ,25,57
,32,.69.229,.218,.27%.62,367.263.220,203.3¢1.2873,283.360,337.272, 12,356
L13.361,211,338,.3352,274.11.18.191,288,207,26.207.209,6,311.2.2,243
.291,294,217,158,163,269,28.29,32,36.290,38,195.,41,336,42,46,33,159
.37.164,281,14,28.29,32,.36.260,290,38,195.41.336,42,133,136.214,46
.49,.33.36,159,289,282, 153, 134,327,370,29%,302,362.364,284.2L6, (53
.261,154,327,318,261.24,39,4.7,16,29,34.3%.264,263.262, 160, 193,359
,354,293.299.301,31.40,264.263,.262,27.21,65,268,135,156.214.49,56
,297.304,66,296,303.13,19.341.163,278.390,31,43.30,317,325,20,28,32
.36,290,38,193,.41,336,42, 4, {n6,260,.8.2.17.0);

declare 1~0k2(101) addres< initial
(9,2,2,328,23.°290.43.212,44.,.215.,47,307,48,271,2499, 265
,240,58,59.39,265.60,265,+1,305,63,273.64,277.67,206,68.68,263,240
JT1,71,246,72,72.231.73,73.2030,74,74.247.73,75,248,76,76,249,80,232
,81.253.82.254,88,207.92,247,120,312,121.320, 127,366, 128,365,131, 131
L131,131,131,131,331,139.238,210, 142, 143,202, 145, 145, 145, 147, 145,145
.349,227,.219,147.333.149,.2290, 152,132, 132.244);

declare apply2(177) address initial
(0,0,77.220.1091,194,192.100,113,116,114, 189,201,203
. 124 ,141,184,216.213,198, 373,372,224, 197,222, 187,223,219.225, 226,220
V97, 143,.342,343.221.151.1751.338.242.231.93,108.110,314.313,283,316
. 164,319,326, 1909.241. 199,196,245, 107.340.111.103, 190,168, 17,172,169
L171,167,174,175,173,256.255.83.258.176.,176,90,87,87,87,87,87,87,87
.176.89,87.87.,87,237,199,91.,177,272,279.183,99.98.276, 137, 12,266
.134,237,78,234.96.235,113.118,119.117,306,308. 132.84,87.1357,93,93
,93,93.93,93,93,94, 139, 148, 188, 146, 179, 178,323, 322,321, 324. 036,330
.233.126,79,232,112.140,125, 136,337,334, 183,204, 150,346,347 .348, 186
, 129,330, 182, 133, 23%, 239, 239.239, 239,239, 239.239,239.259. {22,203, 181
, 186,236, 123,369, 138)

declare indexi data(9.1,2.306.70,4.70.6,6,11.6,6.12.13,14.28B.6.6.6,42,43
.43.79,46,790,47,6.233.49.530.50,60,59,60.68,79,70,133,78.79, 133.,81.82
.83.85.86.87,90,91,92.93.94,99,9%5,96,97,98.99, {60, {63, 193,90, 106,91
,108,109,111,113.103.114,.116,117,117,117,117,117,117,119, 129,530,122
. 122,122,123,123,126.70, 128, 128,129,131, 132, 134, 135,70,70, 59, 148, 149
. 150, 131,182,171.173,176.177,179, 181, 183, 187, 188, 189, 199, 101,201,202
+203,204.203.206,207,207.70,208,209,212,212,213.213,214,70,213,221
.223,70,224.790,790, 226,227 ,228.229,210, 135.233,215.234.234.216,233
,238,249,250,1,4,6.8.10,12,14,18,21,23,25,27.29,31.35,38.41.44.47,50
.33,83.37,59,61,63.63,67,69,71,78,89,82.84,91,93,95,97,1.2.4,4.5,6,7
.7,8,8,8,8,8,8,8,11,12,14.14,13.15.16,16.16.16.16.17,17.19.i9.24,24
.24,20,26,28,31,32,32.33,33.33,33.33.33.33.33,33.33.33,36.36,41.,42
,42,60,60,60,60,60,68.61,61,61,67.67,70.70,70,70,70,72,72,72,74.74
.90.91.,91,92,92,92,92.93.93.95,96,97,97.98,99.99,100,101, 102,102,103
, 103,104, 194,193,106, 106,106,107, 107, 107, 108. 108, 108, 193, 1077, 108. 108
,109,109,109,109, 112,112, 114,1153,115,116.116,117,118, 126, 127,127,130
.139,130,132,132.133.136, 136,136,136, 137, 137, 137,138,139, 140, 141, 142
, 143,144,143, 146, 148, 148, 149,130,150, 151, 131,132,152, 1533. 154,154,155
. 188,186,157.137,138,158.159,169,169.179, 170, 171,171,173,174,1753.17V6

L 176)

declare Index2 4ata(®,1.2.9.8,2,8,5,5,1.5.8.1.,1.14,14,5.5,3,1,2.1.8,1.8
2,3,11.1,9,9.8.1.8.2.8.08.13.3.8,13,1,3,t,1..3,. 1.1, 0, 0.0, 0.1.0,1,1
,1.3.2.1,1.,2,1,1.2.2.1,2,2,1.2,2,2.2,2,2.1,2,9,1,1,1,2,1.2.3.1.1,2.1
,2,1,13.8.8,1,1.1.1,1.19,2.3,1,2,2,2,.4.1.1,1.1,10.1,1.1,1,1.1.1,1,8
L3010, 1.,8.6.2.1.8.2.8.8.1.1,1,1,3,13,1,6,2.1,2,1.11.:,3.3.2.2
.2.2,.2,4.3.2.2,2.2.2.4.3.3.3,17,3,3,2,2.,2,2,2.,2,2,2.2,¢7.2,2,2.,7.2.,2.2
4,1,1.,2.0.0,2.9,2,0.0,1,0,1,0,0,1,2,(,2,0,2,0,1,0,0,1,2,2.2,0,0.3,1
.1.3.1.9,1,1.90.9.0.0.0.00.0.0,00,1.1.1.0,1.0,2.2,3,1.:.60.2,2,0.2.0
,0.90,2,2,4.0,0.0,0 |, 0.2, v.v,1,0221,.1,1,2.2.9.2,2.2.1.2.1.1.1.0,2
L1.2.2.2,2.2. 0.2, 1.2.8.2.2.9 0,0 1,10 1.201,1.1,2,1.2,2,0.2,0,(.,2,0,2
2,090,001, 11,1, 1,8, 0, 1.0, 1,1.2,1.0,0,0,0,0,0,3,1,2,13,2,.2,3,2
,2.2.2.1.2.3.2.9,2.{,2.13,0. 2,

T
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’x global procedures

x/

e R LR RN LR RN IR RN LR R LN THN PR KK KRR/

monl: procedure(f,n);
dec lare f byte,
s address:
go to bdos:

end monl:

mon2: procedure (f,a) byte;
declare f byte, a addres9:
g0 to bdns:
end mon2:

mond:procedure;
/*%used to retura to the system®/
goto boot;

end mon3J;

move: procedure (a.b,1l);
/7% moves from a to b for | bytes (1 <
declare (a,b) address,
(s based a, d based b,1) byvtes
do while (1:=1 = 1) < 233
d=e: bsb + 1: a =za + 1:
end;
end move;

fill: proc (a.char.n):
/% move char to a n timees X~
declare a addr,(char.n.dest baged
do while (n :=2 n =-1) <> 255;
dest = char;:
a = a+ 1:
end;
end fiil:

read: procedure;
declare toggle(3) byte:
toggle = 1
call moni(10,. toggle):
end read:

printchar: procedure(char);
declare char byte;
call monlt2,char):

end printchar;:

print: procedurefa):
declare a address;
call moni(9.,a)

end print:

diskerr: procedure;
call print(.’'de 8
goto boot:

end diskerr:

open®sourcefile: procedurs;
call movel.'alg’.rfchaddr+9.3):
rfcb(32) = @
if mon2t 18,rfchbadder) 2 2535 then
do:
call priat(. ' ne *').
go to bhont:
end:;
end openSecurcefile:

close8int8file: procedurs
/% closes a {lle x/
{f mon2( 16, . wlfceb) = 233 then

a)

byte:




call diskerr;
end closeSintSfile;

setup$int8file: procedure:
/7% setup$intSfiles o new {ile x/
if nointfite then “*anly iznke rile If this toggle is off *x/
return:
call move(.rfcb,.wlfeb,9):
wfcb(32)20;
call monl(19, . .wfeh);
it mon2(22, . .wich) = 255 then
call diskerr:
end e tup8int#file:

rewind®source$file:proc:
7/%cp’m does not require auv
action prior to recpening*/
return:
end rewind®sourcesSfile;

read®source$file:proc byte:
declare dcnt byte:
{f(drnt:zmon2(rfile.rfcbaddr)) > fileeof then
call digkerr:
return dcnt:

end readSsource$file:

write$int8(lje: procedure:

if notntfile then

retarn:
call monl1(26,.diskoutbuff:
if mon2(21,.wfchb) <> O then
call diskerr;

call moni(26,80h): /¥ rewat dma address ¥/

end writeSint®file:

crlf: procedure:
call printchar(cr);
call printcher(1f):
end crif;

printdec: procedure(wvalue);
declare value address. | bvte, count dyte:
declare decti(4) addreses Iinitiall(1000,100, 19, 1);
declare flag byte;:
flag = false:
count 2 30h;
do I = O to 3:
do while valone >= deciti}):
vaiune = value - decif i)
flag= traeq
count * count + 1;
endt
if flag or (1>= 3) then
call printchart(count);
else
call printchart®' *):
and:
returng
end printdec;

print$prod:proc:
call print(.' prod = 8');
call print@dec(productlion’:
. call erlif;
N end priunt$prod:

print®token:procs

call print(.° token = §'):
call prigt®dec(token!}:
i rall crif;

end print@token:

.- |
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emit:prociobjcode):
declare objcode byte:
tf(buaffptr:=buffptr+1) > {antrecsize then /Xwrite to diskx/
do
call writeSint8file;
buffptr=8:
end;
diskoutbuff(buffptr)=objcode;
end emit:

clearSlinesbuff:procedure:
call fitt(. linebuff.’' ',combuffsize);
end clear$lines$huff:

lietline: procedure(length):
declare (length, 1) byte:
call printSdec(lineno):
call print8dec(prev@index+1!);
call printSchar(’' *);
do t = @ to length:
caltl printchar(linebuffs1));
end:
call crlf;:
end listline;

/M RN R AC R A AL NT A A S TR A 333 R R N IR R 6 3 W IR AR AR R e

/R the following variables are used by the parser */
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declare listprod byte injitial(false),
lowertoupper byte Initial(true),
listsource byte initial(false),

debugin byte initial(false),

listtoken byte initial(false).

errset byte Initial(false),

compilling byte,

codes ize address, /* used to count size of code ar-a *~/

prtet address initial(0fffeh). /% used to count size of prt %/

/% varinbles used during for loop code generatlon x~

forcount byte initial(®),
randomf11e byte,
filelo byte initial(false):

/R LR LR RRE R R R LKL LTI RERREREEREE R LR RER RN RER/

/R scanner procedures x/
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getchar: procedure byte:
declare addeof data ('eof'. eolchar.1f): /% add to end 1f ioft off %/

next8gourceSchar: procedure byte;
return sourcebuff(sourceptr):
end next@socurce®char;

checkfile: procedure byte:
do lorever;
{f (sourceptri:szgourceptr+{))=cursourcerecrsize then
dos
monrceptrz;
if readSsource8$filezfileeol then
return true;
end;
if{nextchar!*next@«snu--oBrhar)<> |If then
retnrn false;
end:
end rheckfile

if checkfile or (nextehar = roffillar) then
doy 7% eof renched =»~s
call move(.adds .t . shloec,3):




sourceptr = 0:
nextchar=nextSsonrceSchar;
end )
linebuff(lineptr:=tineptr + |)=nextchar: /Xoutput |lnex/
if nextchar = eolchar ihen
dog
lineno 2 lineuws + 1I;
if listsource then
call lisilins(lineptr=-1):
lineptr = 0;
call clearlinebuff:

end;
if nextchar = tab then
nextchar = ' '

return nextchar:
end getchar:

getnoblank: procedure;
do while((getchar = ' °) or (nextchar = eoffiller));
end:
end getnoblank:

title:procedure:
call print(.'algol-m vers 1.08');
call crif;

end title:

print@error:proc:
call printdec(errorcount):
call printchar(’ ') .
call print(.'error(s) dete:ted$’);
call crif;

end printSerror:

error: procedure(errcode);
dec lare errcode address.
1 byte:
errorcountserrorcount+1i:
call print(. *'xxx8’);
call priatSdec(lineno);
call print(.’ error $'':
call printchar(’' '),
call printchar(high(errcode)):
call priantchar(low(errcode));
call erlf;
call printSprod:
if tokenzeofc then
do:
call printferror:
call mon3:
end:
end error:

initialize®scanner: procedure:
deciare count byte:
call openSsourcefille:
lineno, lineptr = @:
cal]l clearS!ineSbuff;
sourceptr = 128,
call getnoblank:
do while nextchar = '8°;
call getSnoSbimnk:
1ffeonunt := (nextchar and 3fh) - 'a’) <= 4 then
do case count:
If passl then lisatsonrce = trne:
listprod = true:
nointfiie ~ true:
{lattoken = trne:
debugln = true;:
end: /X of rase X,/
call goatnoblank:
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end;
end InitializeSscanner;

/ERREXRRRERLEREE KR ERXRRXEEREREEERRKRREREX K VAL EERRRKR/

/R . scanner x/
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sceanner: procedures

putinaccum: procodure;
if not cont then
do
accum(accum := accum + 1) = nextchar:
hashcode = (hashcode + nextchar) and heshmask:
1f saccum = 31 then cont = true:
end:
end putinaccum;

putandget: procedure:
call putinaccums
call getnoblank:
end putandget:

putandchar: procedure:
call putinsccum:
nextchar = getchar:
end putandchar:

numer lc: procedure byte;
return({nextchar ~ "0°') (= 9,
end numeric

lowercuse: procedure byte:
return (nextchar >= 61h) and (nextchar <2 Tah)
end lower€case:

decimalpt:proc byte:
return nextchar="',"':
end decimalpt:

convltoSupper:procs
if lowercase and lowertoupper then
nextcharznextchar eud 3fh:
end convStoBupper:

letter: procedure byte;

call conv@toSupper:

return ((nextchar - "2’} (= 23) or lowercase;
end letter:

alphanum: procedure byte:
return aumeric or leiter or decimaipt:
end alphanum;

spoolnumeric! proceduret
do while numeric;
call putandchar:
end}
end spoolnumeric:

setupSuextScall: procedure:
if nextchar = ' ' then
cenll getnodblank:
cont = false;
end setupSnextScall:

lookup: procedure byte:

dec lare maxrwing f(it °'9°;




declsre vocab datal(®,'¢*, (', "+, 8dh. Tch, "%, "), ", =0 00 0 0 00
.':‘.Sbh.'i'.‘**'.':='.‘do'.'go'.'If'.'Of‘.'or’.'to'.'eof'.'rnd'
‘ond'.'for'.'not'.'ch'."sb‘.'case’.'etse'.'rlle'.'¢oto'.‘rend’
'c!ep'.'thnu'.'nrrsy‘.'begln‘,’clo-e'.'untll'.'whllo’.'wrike'
'strln;'.'decl-.l'.'lnltinl'.'lnteger'.‘url'eon'
Scomment', 'external’, function’, 'procedure’):
declare vioc data(0,1,16.32,53.81.111,117,132.168,172);
declare vnum data(®,1,16.24,31.38,44.43.30,54);
dec lare count data(9,14,7,6.6.3,0.4,1,0):
declare ptr address, (field based ptr) (9) byte:
declare | byte;

compare: procedure byte:
declare | byte:

1 3 9g
do while (fleld( i) = accum(i := t + 1)) and | <= accum;
end:

returs | > accum:
end compare:

if accum > wmaxrwing then
return false;
ptr=vioclaccum)*.vocab;:
do 1=vnum(accum) to ¢ vnum(accum)+count(accum)):
if compare then
do;
If 1230 then
token=comment:
elae
tokenz1i;
return true:
end;:
ptrsptr+accumt
endi
return false:
end lookup:

/3!”3!’**t!****ﬂ*i’******”*2****!******!*!*****88/

x scanner main code ®/
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do forever;
accum, hashcode, token = 0:
do while nextcharzeolchar:
call getnoblank;:
end:
tf(nextchar = stringdelim) »r coant then
do; /% found string *~
token = etring:
cont s falme;
do forever:
do while getchar <> stringdelim;
call putinaccum:
if cont then return:
end;
call getnoblank:
i1f nextehar <> stringdelim then
retarn:
eall putSinSaceum
endy 7% of do forever x/
end: /% of recognizine » string x/

else if numeric or decimnipt then
do; 7% bave digit =~/
token * integer~:

do while nextcharz'9';: s*elim leading zeros*x”s
nextcharzget. har:
end;

call spoolnumeric:
if declmmipt th:n
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dos .
tokentdecimal:

‘eat]l putandchar:

call spoolnuperlice:

end;
if saccum=@® then

hashcode, accumfaccum 3 1) = "0°;
call setupSnext®call:
return;

end: /% of recogniziung numeric constant */

elne if letter then
do: % have a letter “/
do while alphanum:
call putandchar:
end;
if not lookup then
do
token £ identifier;
call setupBonextScall;
re taorni
end
else /% is a rw but if comment skip %/
if token = comment then
dos
do while nextchar <> ';°:
nexichar = getchar:
end: .
call get®noSblank:
endt
olse
do:
call setSupPnextScall;
return:
end:;
endy /* of recognizing rw or ideut %/

else
dot /% spacial character */
if nextchar = 235h then
do
nextchar=ge tchar:
do while mextchar <> 28h;
nextchar = getchar:
snd;
cal]l getSnoSbhlank:
endt
else
do
{f nextchar » ':' then
do:
call putandchar:
if nextchar = "=’ then
call putandget:
eandy
aise
1f nextchar = ‘X' then
do;
csll putandchar:
1f nextchar = %' then
call putandgest;
and)
else cal]l patandget:
if not lookup then
cell error(  ic’:
call metupSnext®-all:
returns
end:
end: % of recognizing <p-cial char *~
end: /%X of do forever *
end scanner: /% end of «canner ¥

|
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7% procedures for synthesizer */
/ERERAERELEXEEXEKRERE XX L KKK LE £ LSRR E LR R R/

initialize@eymtbl:proc:
if passi then
do:
/% f11tl hashtable with '« -~
call fil11¢.hashtab!le 0. alii(hashtblsize, 2)):
sbthl = .memory:
end:
/7¢¥initialize pointer to top of symbol talle¥x/
sbtbltop = max - 2;
end inittializeSsymthl:

se taddrptri:proc(offaet); .“Xget ptr for addr referencex/

declsre offset byte:

aptraddr = bage + ptr + offset: . "fpogition for addr referencexs
end setaddrptr;

setSblkSlevel:proc(level);
declare level byte:
call setaddrptr(6):
byteptr = level;

end set@blkSlevel:

gethash:proc byte;
dec lare hash byte,
i byte:
hash 2 O
aptraddr = buse + 2:
do It = t to ptr:
hash = (hash + byteptr( 1)) and hashmasek:
end;
return hash:
end gethash:

nextentry:procs
bage * base + ptr + 8:
end nextentry;

setiink:procs
sptraddr = base + 1:
end setlink:

hashtb 180 {Seymhash:proc address;
return hashtable(symhash):
i end hashtb18o f8eymhash:

[imite:proc{count)
/%cbheck to see If additinnal sbtbl wil] overflow limits of
memory. if mo them punt o ilse return %/
declare count byte: /faize being added is coant *x/
iIf sbtdbitop <= (sbthl + count) then
do:
call error{’'to')
call mon3d:
end:
end limity:

se taddr:proc(loc)
/%get the addrees field and remolved bi1tx~
declare loc address:
call getaddrptr (4):
addrptr = loct
end setaddr:

lookupScuarrent®Shlk:proc(chkShik: bhyta:
dec lare ~hkS8hlk byte,
len byte,
n based printname hyte:

130

h == ) R e s s e ke in




base*hashtd 8o {8symhash!
do while base > 0;
call setaddrptr(6):
if byteptr ¢ chk®blk then
return false;
If byteptr = chk$blk than
do
if (lent2ptr) 3 n then
do whife (ptr(ien +# 2) = n(len'’:
if (len :% len - 1) = © then
return true:
end:
end:
cull vetlink:
base = addrptr:
end;
return {alse:
end lookupScurrent$hlik;

lookup:proc byte:
declare teatSblk byte,
test@index byte;
tewtSindex * prevSindax+l:
test®blk = blkSlevel:
do while (teet®index := test®index - 1) <> 2§5:
{f lookupfcurrentSblk(testShik) then
return truae:
test8hlk = prevB8blkSleveli ragtSindex):
end:
return false:
end [ookup;

enter:proec;
sxenter token reference by printname and symhash
into next availlable location in the symbol table.
met base to beginning of this entry and increment
sbtbi. also check for symbol table faull. =%
decliare 1 byte,
n based printname hyta:
call limlte(l:2n+8);
base * gbthl: /%base for new entry */
call move(printname + |,.sbtb}] + 3,(ptr := n)):
call wetaddrptr(3);/%Xset rasolve bit to 0%/
byteptr = 9
call setlink:
addrptr = hashtbl8o(®symhuair:
hashtable(symhash) = base:
call setobikSlevel(blkSleva|):
sbthbl = ebtbl + |
end enter;

getleniproc dyte; /%return length of the p/n x/
return ptr:
end getlens

getypo:proc byte: /Rreturns type of variablers
call metaddrptr (3);
return byteptr;

ehd getype:

setsubtype:procistype):/®enter the subtype in sbtbix/
declare stype byte;
call setaddrptr(?):

. byteptrzetype:

end smatmubtype;

getSparm: proc byte:
cal{ setaddrptr( 107 :
return byteptr;

end getparm:

getanbtypa: proc byte: *retprn 'he subtynace.
call setaddrptere Ty
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return byteptr:
end getsubtype:
setype:proc (type): /Xget typafiald = typex/
«dec lare type byte:
call setaddrptr (3),
byteptr = type:
end setype:

ge taddr:proc address:
call setaddrptr(4);
return addrptr:

end getaddr;

do: /7% block for parser %/

/% pneumonics for ALGOL-M machine x/

declare nop lit '0', sty 1it '1°, tnt it '2°, =xeh lit °'3°,
lod 1it ‘4', dcb 11t ‘3., dmp 1it ‘6", xit lit Tt
ald Lit 8 : als 11t 9, aid 1it 1o, ais 11t "11°,
adl it *12', add 1it "13°, sbi lit '14°, sbd 1lit 'I5°,
mpi 11t '16°, mpd 1it " 177, dvi 1lit 18", dvd 1it *i15°,
dneg lit '21', neg lit *22°, cil lit ’'23°, ¢i2 1it "24°,
deci 11t 2%, pop i1t 26, iml 1it *27°, im2 Ittt '28°,
cat it *31°, bt lit *'32°,
brs 11t '34°, bse 1it "33°, i1ss lit '36°', dlss 11t '37°,
slss (It 38, gtr 1lit ‘39, dgtr lit ‘49’ , egtr lit "41°',
eql lit "42', deql lit "43°', seql 1lit '44°, neq lit "45°,
dneq 11t "46°', eneq lit '47', geq 1it '48°, dgeq 11t "49°,
sgeq it "30°, teq lit 31", dleq 1it '32', sleq 11t '33°,
inot 11t 34", dnot 11t '33°, snot lit '%36', iamd lit '57°,
dand 1it '358°. sand it 359", tor 1it '60', dor 11t '61°,
sor lit '62', wic lit '63°', wde lit '64', wsec 1lit '63°,
wid 11t 66", wid lit "67°, wsd lit '68°, abr lit "60°,
bra 11t '79°', row lit 'T1', sub 1it '72*', reil 1it *'73*,
rced 11t '?4°, res lit ‘TS, pdi (it 'T6°, rdd lit 'T7°,
rds 11t '78', rcma lit 'T9', ecr 11t 80, sii lit 'H1°,
sdf 1it '82', sei 11t '83', eid lit '84°, edd 1lit '83*,
wsd 131t '86°, opm lit ‘87, cis tit '88°, rdb 1it '89°,
rdf it '90°, edr lit '91°', edw 11! '92', pro 1lit '43',
sav it ‘'94°', ev2 lit '98°', uns 1it '96', rtn lit '97°;
declare state statesize,
statestack(petacksize) statesize,
hash( pstacks ize) hyte,
symloc( patacks ize) address,
erloc(pstacksize) address,
var{pstacksize) byte,
type(pstacksize) byte,
stype(pstacksize) hyte,
varc{ varcseize) byte,
var index hyte,
(sp,mp.appl,.nolook) byte,
ons tack( maxoncount) byte,
cladling byte initial(2),
clab2 byte Initial(23),
clable byte.
strésize tyte inittal¢10),
decS®s ize byte Initial(9),
a bvte,
pvhum byte initial(O:r,
saveparm adlreag,
parme haeed saveparm hita,
fpcount byte,
parmbane sddrowa,
proc®type hyte,
(ptest. 1) byte,
pcount Paeta initialfr
typetemp yte,
ffing byte,
Iprount Pute,
mident addroaa;




initiallzeSsynthesize:!procedure:
codemize,onstack.clable = O:
prevSindex = 233;
bilkScant = 0
bik®leve 120y

end initiallize®synthesize;

synthesize:® proc

/7% XR¥k%x synthesize local deciarations

declare gsinmvar 11t '0Obh’ .
subvar 11t '99°,
pro 1t 93",
ext8proc 1tr 03",
biteinSfunc tit '3,
const 11t "06°,
lab |
integer it ‘68" .
str it '1°,
filel it 'Och’,
func 11t *Odh’',
parm 1it '10n':

( typeap, typemp. typempl?

(h, temp)
(stypesp,stypemp,stypenmpl)
(hagshep,hashmp. hashmpl)
(symlocsp.symlocmp, symlocmpl)
fegriocsp.srliocmp)

dec lare

ey X/

byte,
byte,
bvte.
byte.
address,
address:
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copy:praocedure;
typesp 2 type(sp):
typempl = type(mppl):
typemp = type(mp):
stypesp 2 stypel{sp);
stypempl = stype(mppl);
stypemp = stypel{mp):
symlocsp = symioc(ap):
symlocmpl = symlocimppi):
symlocmp = symloc(mp):
hagshmp = hash(mp):
hashmpt = hashi(mppl):
hashsp = hash(sp):
srlocsp 3 serlocisp):
srlocnmp = srloc(mp):

and copy:

setsvmlocap: procedure(a);
declare a address:
symloc(ap) = a;

end setsymlocep:

setaymlocmp: procedurefal:
declare a addreas:
symloci{mp) = n

end setsymiocmp:

settypanap! procedure(b):
decjare b byte:
typei{ap) = b

and mettyposup:

1on
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setstypesp: procedure’b):
declare b bdyte:

stypeisp) = by
end metstypespi

setgtypamn: procedure(b):
declare b byte:

wtypetmp) = b:
end satstypemp:

settvpemp: procedure!d):
dec lare b hyte;
type{mp} 3 b:

end sattypemp:

sethashmp: procedure(d):
declare b byte:
hash(mp) = b,

end sethashmp:

sethashsp: procadure(b);
declare b byte:
hash(sp) = b:

end sethashsp:

setsrlocap: procedure(a):
dec lare a address:
srlorisp) = a:
end detsrlocsp:
setsrlocmp: proc(a);
dec lare a byte:
srioc(mp)=sa;
end seterlocmp:

getsrloc: proc byte;
call setaddrptr(8):
return addeptr:

end getsrloc:

generate:proc(objcode):
/*writes generated code and counts size
of code area. =/
declare objcode byte;
codesize = codesize + 1:
if not psssl then
call emit(objcode):
end generate!

gen8int®v: proclal;
dec lare 3 byte:
call generate(iml):
vall generate(a):
end gendlatSv;

incr$dik$level: proc:
prevBhlk8level(prevB®index = prev@index+1)
bik®lavel = blikScnt + 1:
blkSrnt = blkSent+],
call generate(bli);
end incr@®hikSlevel;

decr®b(kBleve!l: proc:
bikSlave] = prev@blk8lisvelt nrev8index):
prev8index = prev8indsx-{:
call generate(bld):

oend decrSbhikSlave !l

calc®varc: procedursaid) adidreszs,
der lare b byte;
return var'b) +  varc:

end caleSvare:

("
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setlookup: procedurel(a);
declare a nyte:
printuname = caleSvarc(ad:
symha:h 2 hash(a);

end setlorKkup:

fookup@unly: procedareia’ byte:
declare a Lyte:
call setiocnknp(al:
if lookup®currents8bhlkibii®leval) then
return true:
hbasedflag = true:
return false;
ead looknpSounly:

full®looknup:pro~(a) byte;
daclare 3 byte:
call wetlookup(al);
If lookup then
return true:
return false;
end fullSlooknup:

norme {$lookup: procedure(a) hyte:
declare a2 byte:
1f 1o kupSonly(al) then
return true:
call enter:
return faise
end novmal$lonkup;

countprt:proc address:

“Xcounts the size of the prt x/
refurn (prtcect 2 potet & 20

end counmtprt:

gentwo:procfal:

7% wrltes two bytes of »object code on disk for
declare o address:
call generate(high(al?;
call generate(low(a));

end gentwo;

literal:proctal:

declare a address;

call geatwoin or BOOOh):
end llteral:

setcname :proc:
printname=.cliabing:
aymhash=clable and hashmsk:
end setcname;

enter@compl ler$label:proctib):
declars b byte:
il pasel then
do:
call setcename;
call enter:
call =etaddr(codesize + b
end:
end enterScompiler®label:

setScompiier®inbel:proc:
declars x byte:
~lable = clable + 1,
ra3ll satoname:
if pnea then
x= lookup:
end vet8compilor®inbel:

cooplierStiabe ! proc:

literals *x~/




call <etS-onmpilerSlahbel:
call gen®twr(getaddr?:
end compiler$label:

aetSenter: procftal:
declare (a.b) byte:
bzciable:
clabtleza;
call enterScompilerSlabelt ).
clablezb;
end setSenter:

branchSc lause: proc(al):
dec lare a byte:
call generate(a)
call compilerSlabel:
call settypemp(clable):
end branchdc lanse;

processScase®label: procla):
dec lar« (a,b,x) byte:
b=clable;
clable=a:
call generate(brs):
call srtoname;
if pamal then

x* lookup

call genStwo(ge taddr?:
clable=zby

end processScanc8Siobel:

caseSstate: proc:
call processScaseSiabel( typeimp=-2)):
n=n+l;
clable=clable+1:
call enter$compliler®labeltn
end caseSs<tate:

litload:proc(a);

declare a address:

call gentwo(a or @c90fh):
end (ttload:

steplgen: proc:
call generate(adi): .
call generate(sid):
call enterScompllerS$labeli 9}
call litload(sident):
end stepSgen:

chktypl: proc(a); /% check mp.ep to see if they are both decimal %/
declare a byte: /% both integer, one of each, or nlether ¥/
if (stypemp=int) and (stypeapzint) then
call genernte(a):

else
if (stypemp=dec) and ‘stypesp=dec) then
cail generatela+1): .* generate decimal operator -
elze
if (satypemp=derc) and ‘siypeap=int} then
do:
rall generate’cil}: ‘% convert! integer tn de: inmal *x/
call generatetn~1);
end;
ealse
If (atypemp=int: and (atypeap=.lec) then
do:
call genarn..¢ 12,
call gonernte a+|i;
call satetvpoemptdoc)
end:
Aige
if typempi) fuue or passl then




Lt g R

b/
h}

call errorf"mt');
end chhtypl;

chktyp2: proc bhyte:
{f stypemp <) stypemp taen
oy
call error('mm’}:
return false:
end;
return true:
-end chktyp2;

chktypd: proc byte:
call setstypemp(stypesp):
If (stypesp=int) or (atypesp3dec) then
return trueg
call error ('mf');
returan false:
end chktyp3:

chktyp3: proc byte:
(f (stypempidstr) or fstypespistr} then
return false;
alse
return true:
end chktyp3:

chktyp6: proc;
if pass2 then
do:
1f (atypemp=int) and fetypesp=dec) then
call error(’'id’');
if (typemp<>simvar) and (typemp<>subvar) and
do:
if (typemp<>func) or fnot fflag) then
call error(’'as’):
end:
L ioa - endg
: smd, ohktypbs .

gencon! procisubtype);
declare (i.subtype) bdyte:
genSaccum® proc;
If pass2 then
do 1z1 to accums
call emit(accum(1)):
end:
end gen@accums
call generate(subtype):
call settypemplconst):
call setstypemp(subtype:
if subtype=int then
do
if accum>3 then
call srror(’io’);
call genSaccum;
iIf pase2 then
call emit(9)
codesize=codenize+2:
end:
else
do forever:
1f subtype=str then
do t 2 1 to accum:
coall generatetaconm( 1))
end:
else
do;
call genSaccum:
rodesizezcodaslize+t ncoum+ 1) 72
end:
'f cont then
call scannar:

[

(typemps>filal)

then



else
do
4 if subtype=4iec then
call gentwol(0):
else
codemize = codesize + 2:
call generate(9);
return:
end:

end:
end gencon;

processSstore: proc(a);
declare a byte:
Af chktypS then
call gemerate(a+2):
else
call chktypli(a):
end process®store:

gen$loc: procla,b):
declsre a byte,
b address;
if @ =int then
call literal(d):
else
call J1itload(b?;
end genSloc:

get@fleld: proc:
genSrend: procla)g
declare a byte;
if stypempi=int then
do:
call generate(a):
call genernte(=id?:
end:
elee
If stypempl=dec th>n
doi
call generatefa+l);
call generate(add):
end;
else
do:
call generate{a+2);
call generate! <ad):
end:
end genSread:

call genBloc(stypempl.aymiocupl);
if filelo then
call genSreadirdi);
else
call genSread(rci):
end getSfield:

put®fleld: proe(al;
declare s byte;
if fTileio then
aza+3dy
if estypempli=int then
do:
tf typempl=sgubvar thn
call generate: jodi:
call generatefin’:
end:
else
if stypempizdec then
call generate(a+t):
elsn
rall generate(a+2):
end putsfield:

§
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proceesSpcoc: proc(a) :
declsra a byte;
call settypenp(a):
if pays2 then
do:
call setsrlocmp(srlocmp:sgetsrloc’:
call setstypemp(gaisubtype);
parmbasezbase+ptr+l1:
and;
end processaSpront

process$ident:proc(a) byte;:
declare a byte;
if full@lookup(a) then
return getype;

else
if pass2 then
do:
call error(’'ud’):
return false;
endt
else

return func:
end proceasSident:

process$array:proc(al;
declare (a.b) byte:
1f ((b:=processSidentfa)) . subvar) and pass2 then

do

if b<>0 then
call error(’in’):
end: R
else

doy
call setstypemp(getanhtiype):
call setsymlocmp(symle wp:=ge taddr):
canll settypemp(subvar):

end

end processSarray:

process$ident8$dci:proc(a.b.c):
dcl(a,b.c) byte:
pvnum=pvanum+ |
if not¢ normalSlookup(a) then
do
call setype(b);
call setaddr(countprt):
call setsubtype(c):
end:
else
if passt then
do:
if getypesparm then
do:
call setype(b):
call metsubtype(s:
ptest=ptest—-1:
end:
elae
call error(*dd’);
sud:
end procecsSidentSdc!:

proc8sav: proc:

call geu@int8vipcount);

call gen®int8v((pvnum+31%¥2:
call titernl(symloemp):

call generate(sav):

call genernte(bli):

if procStypezfunc then

: das
it mtypemp’> Int then

119
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doy
1 litload(symiocmp+d):
1 literal tsymioemp):
stypempsdec then

call generate’ ald);
s me

call generatetals),
X end:
¢ end:
l end proc@~av;

checkSparnm: proc(a):
declare a byte,
b address;
if pows2 then
dl\:
b=bnae:
base =parmbase;
if a ' getsubtype then
call error: 'pm’):
parmhnse=base+ptr+8:
bagezh:
end
call grueratet iml);
cal]l goneratela):
end check®parm:

proc8pro! proc;
call generate( Im2);
call geaStwo(srlocmp':
call generate(pro);:
end procS$pro:

processSproc8icl: procla.b,r):
declare (a.b,n) byte:
call procesaSident8dci(a.b.e);
pvaum, pcount=0:
call <satsymloempisymlocnp: =ge taddr)
if pmsm]| then
prtetsprtct+d;
if (proc®type:=b) = fune then
do
call literal(symlocrp+4): E
call generate(xch); '
call generate(sid):
end:
call branchSclanse(brs): ' :
if passl then
do;
call gntaddrpter(8);
addrptrzcodesize;
sbtbi=ebtb1+3;
saveparm=ebtbl-1.
end;
call incr®b(kSlevel;
end process®prnc8de|;

S -

processSvar: proec(al:
declare (a,b) byte:
If (b:zprocessSident(a)) = qimvar then
do;
call setaymiocsplsymincapi=ge taddr):
call scttypemp(aimvar’:
call amtstypempigrtanbiype);
end;
alse
if b2func then
call procesa®prac( iune ' ;
elan
tf b"> @ then
call error(*ip’i;
end procesnSvar;

140




5 processSs invar$dcl: proc(a,b):
g declmre (a,b) byte:
3 call processSidentSdcli(a.simvar,stypemp)y
if stypeap<> int then
do:
call literail(getaddr):
if stypempsdec then
call generatelb):
eloe
call generate(b+1);

end;
end processSsimvar®del:

process8Slabel:proc:
if passl then
dot
tf fullslookSup(mp) than
call error(’'dd’'):
else
doy
call enter;s
call setaddr(codasize);
call setype(lab):
call set8bikBleveli{bikSlevel):
end

end:
end processSlabel:

reso lve@label:proc:
dec lare (chkSblk.tindex) byte:
it pass2 then
do:
if ((not fullSlookup(sp)) or (getype <> lab)) then
call error( ul’::
call setaddrptr(6):
chk$blkzbyteptr:
tindex=prev@index:
if bikSlevel<)cluk$bik then
do:
do while prev8hikdlevel|(tindex) > chk$blk:
tindexztindex-1:
end;
call generate(dchb):
call generate!previndex+i-tindex);
end:
else
call genStwo(nop):
end:
else
call genStwol(nop):
call genarate(brs):
call genStwo(getaddr):
end resolveSlabel;

proceasSarray8dcl: procfa):
declare a byte:
call process®@ident8dc1(n,.eubvar,stypemp):
arr$loc{arr$num) =ge taddr:
arrSauntarr$num+];

end procese®array8dci:

closeStlle: procfa);
declare a byte:
1f processSidant({a) then: % not implemented %/
else call error('uf’):

and clomeBlile;

aseign®stmt: prac:
call chktyph:
if (lpcount:sipcount-11< O then /% teats mnitiple assign
call processaSatore(aii’:
elgn

14]
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- call processSetore(sid):
end aselgn®etmt;

/% executlon of synthesize begins here-—-—- t 4

if tlstprod then
call print@prod;

call copys )
do case production: /X call to systhesize handles one prod ¥/

/%case ® not uwed %/
/R 1 ‘program> ::= (black’ .l z/

if passl then

dot
passl = false:
if errorcount > O then
do:

call printSerror;
call mon3d:

ends
call rewind®sourcesfile;
call gentwo(codesize+1i);
call gentwo(countprt):

end;

else

dos
call printSerror:
call generate(xit):
call generate(7fh);
call writeSintSfile:
call closesintSfile:
call mon3d:

/% plus one to include the xit %/

end:
/% 2 Chbloek> !:!= <block head> <(block end> t ¥4
H
’x 3 <block head> ::= <block head> <declarationd ®/
H
/R 4 | {begimw x/
]
Ve 3 <begim> ::2 degin x/
call incr®blkSlevel:
/R 6 {block end> ::= <(block body> : end z/
call decrSblk®level:
/2 7 {block body> ::= ‘mtatement> x/
1
o/ a8 I <block body> | <statement> */
7R 9 ¢declaration> !:= (file declaration> x/
H
/R 10 | ‘simple declaration> x/
1
/R 11 | ‘simple decliaration> X,
7R 11 initial option> */
s
Ve ] 12 I <arrny declaration> t 74
¢
/R 13 I “array declaration’ <initlal option> x/
!
/R 149 I “subprogram Jdeclaration® ®.
[
’e 13 | “oxternal declaration>
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o
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7R
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/R

/R

/R
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/R
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16
16
1?7
18
19
20

21
21

24
23

26
27

28

Je
31
32
32
33
34

38
33

36
36

37

a8
39

<-lnpl§.declaratlon> i1z {declaration head>
Cidentifier,

call processSsimvarSdecl(ap.uiid);
Cimitial option> ::= <initial head> {(cometant> }

'<lnltlll head> ::= initial (

'
I <initial head> <constant> |,

1
{declaration head: ::2 <(declaration type>

'
I (declar~tion head> <identifier>

call process@simvar3dciimppl,aid’:

{declsration type> :!:= string
do
call setstypespiatr);

call gen®intSv(=:!reslze);

end;
| satring <gsize option>
do:
call setstypemplistr):
end;
| integer
call setstypesp(int);
| decimal

do:
call setstypesp(dec):
call genSintSvidecSsize);
end:
| decimal <(size option>
call setstypemp(dec):
{gize option> ::= ( <wvariable> )
if stypempi=int then
call titload(symlocnmpl):
else
call error('si');
I € <integer> )
do;
call move(caleSvarc(mppl),.accum,?):
call gencon(int):
end:
<(statement> :'= <(balanced statement>
| “anbalanced statement’
t
(balanced gstatement> ::= (gimple statement>

! €1f clause> <true part’> else
<balanced statement>
call setSenter{ typempl);
I ¢label definition>
(balanced statement>

<{anbalanced satateoment> ::2 <if clause’> <(statement’
call setSenter{ typemp):
I ¢1f rlause> <true part:
else (unbalanced stater<nt>
call setSentar{ typerpl):
I “label definitionm
{unbalanced statement
3
Ctrue part> = “halanrcred gtate=~ent?
do:
call branch®claasc hya)
cull setSantaritynafat=-1)):
ead;
‘1abel definition' ::z Zidentifier:
coll proceasSinlol;
I Cintegor
rall procexa®label:

3
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40 ‘eimple statement®

49

32

<{block>

<ams ignment statement>
{for stalement’

{while statement)>
(read statement>
(write statament>
(case statement>

<(go to statement>
‘close statement>
(procedure call>

<identifier>

If ((procesa®ident(sp) <> pro) and pass2) then

11z <left part> <expreesinn

L ) |
42 |
43 I
49 |
43 |
:
46 |
97 1
48 |
H
|
call generate(pop):
30
do
call error('nf’);
call procesa%¥proc(pro):
call procSpro;:
call generate(pep);
end:;
31 Cassignment statement®

call assign@estmt:

<left part>
‘assignment stntement> *
call assignSstmt:
33 <left part> :variable» :=

do:

if typemp<>subvar then

call gen®loc(stypermp,.symlocwp):

lpcount=lpcount+|{:
end:

53 (expression’> :!:= “arithmetic expression>

)

33 I if expression’ <expression>

36 carithmetlc expression>

'
L rd
8?7
call chktyplfadl):
sa
358
call chktypli(abi):
359
39
tf chktypS then
call generate{rat):
60
If chktypd then
call generatelnew):
61
if chktypd then :
62 Ctermd 1T ‘primry’
:

11z {term>

! Carithmetic expresszion
Tohrerm

I tarithmetic expression
Ctarme

I “arithmetic expressicyi
T Ctaprm®

i = {term

I+ <term®

/% no action required */

61 | <term> * “primary’
cal!l shktypl(wpid:
6% I “tarm> 7 " primary>
call chktypltdvid:
63 ‘primery> ::7 Iprimary element
.13 I «pinary® ¥ ‘primnry olement?

call chktypllixp::

g (primary slomrnt. 32 " wvariah!.
I\f typespzeimvar then
call litload(e mincap);
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elses
tf typeep<> sunhvar then
eall procSpro:

/R 58 ! {constant® x/
]

4. 69 ! ¢procedure call> . x/

/% 70 | ( <amgignment statement> */
call letstypemp(stypemp:=stypempl);

/% 71 | { Cexpressiond ) */
do

call setstypemp(atypempl):
call settypemp( typenpl):

end:
’x T2 sconstant) ::= (integer’ s
call gencon(Int):
. Ve 73 I <devimal’ */ j
cail gencon(dec): :
Ve 3 T4 | <atring’ ®/
call gencon(str):
/% 73 Cvariable> ::= Cidentifier?
call processSvar(sp);
/% 76 | ¢subscripted variable> %,
e 7 ¢file declaration® ::= (file head’ {file name> x./
/¥ 78 {file head> ::= file ®,
/% 79 i “file head> <file name> , x/
3
/X a8 ¢file name> ::= (string> ¢length option® */
1
Vg ] a1 | (=tring> x/
% a2 | <identifler> <{length optlon> T ows
ceall process#ldenttdcl(mp.fllel.Q):
Vg 83 1 “identifier> X
call processlldentsdol(sp.fllel.@):
/R 84 <(length option> ::= ° <identifler> 3 x/
{f process®idantimp)=int then;
/7% a8 1 * <integer® 3 E
eml) gencon{int):
/R a6 <array declaration> ::3 <array list> <bound pair list> x/
do:

call genSintSviarrSdim):
call genSintSviarr$numl;
call genSint$vistypenp):
call generstelrow):

do while (arv®num ‘= arr$unum-1)<>285;
call literat(arrSlocCarr®num)i:
end
end:
Vg ar ‘arrsy list> ! <array head> (identifier> z/
call prOcaoa.-rrayfdcl(sp);
Ve a8 (arrey head> ::: 7“declaration type> arrsy x/
arrSnums9;
Ve 89 ) <array head> < identifier> , L ¥4
call prococil.rrav!drltmppl):
e 99 {hound pair list> ::% <hound patr head> ¢(bound pair> a */
arrSdinsarrSdim+l:
/% 91 (bound pair head> ::= ' ®/
arr8dim:0:
/x 92 ! <bound pair head> <bound pair> , x/
arrSdimzarr@dim+sl:
7’8 93 “bound pair> :iT <expressiond> @ Cexpression ®/

if (stypemp<: int) or ‘mtypesp<)int) then
call error('bp'd:

/% %4 <gndbseripted vacinble> ::= C(aubhscript head® *,
/% 94 ‘axpreaajon> Q X/
do:
tf stypempi{’*int then
call errop: "sh')¥:

call litlnadfevalocep):

148
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~all generate(mulo’:
end:
93 “subscript head: ::= {ideptifiepr> °
call processSarray! ny):
96 i <subscript head> <expressinn:
if stypeupl <> int then
call arrun(’'sh’);
97 ‘g0 to statement: .= <(go tol {dantifter>
cal) resolveSiabe!:
938 I <go to> ‘integer>
call]l resolveflabal:
90 ‘go to> 11T go t.

109 | gato

101 ‘<rnad statemont’ ::* ‘read head® <variable> )
dos
call getdfield;
if filelo then

do;
fllefo=falwe:
end;
else
call gemeratalacr:;
end;
102 ‘read head> ::= read (
call generate(rcn?:
103 I read (lile optlon> ¢
194 I “read head> <(variable> ,
call getSfleld:
103 (write statement, ::= C(write head> <expresgsion' )
call putSfileld(wic);
106 I <write head> <tab expresszion
107 |l <write head> <pic definttiecn’

*

108 {write head> ::z write (
call generate(dmp):

199 | write <(file option> (

119 | writeon (
t .

1t I writeon ¢(flle optionm> (

t

112 | “write head> l{expressiom> ,
call putSfield(wich;

113 ' "write head> ¢ tab expression> .,
1

114 I “~rite head> <plc definition> .

t
113 (flle option> ::= < identifier>
if process®ident(sp: = filel then;
116 I “identifier> (rec optiom>
If process®ldentimpr = filel then:
else call evror! 'nf‘);
e I ‘atring>
'
118 | Cstring> <rec option>
t
119 Creec optlon> ::= | <llentiflepr>

if ((proceqsSident(<n’ = zimvar) and (getenbtype = int))

else call error (1
129 I . integer>

eall genconCint):
121 ‘ple definition: :::= "pic head' “pie list) )
122 (piec head> ::=z pic - wtring

'
123 I pie " dentifier
= ste

10 ‘proceag®ident c=1 2 simuvar and g tanbtype
olame call erraprr "~ .

|
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124 ¢ple tlat> ::3 « “expressliow’

123 I ¢pic listd> ., <“expressinn?

126 < tad ezpression> ::3 tab Cfexpression’

127 Cif clause> ::2 if “boolean expression’> then

call drenchBclausefber’:
128 <if expregsion> ::= +if clause> {expression> else
129 ‘boolean expressioa’ ::3 (boolsan term
130 | <boolean expression> ~r
130 (hoolean term
call chktypl(bor);
131 ¢Cpoo lean term> ::= {hoolean primary-’
132 | not {boolean primary’

if chktyp3d then
call generate(noto':
133 | <boolean term> and
133 ‘boolean primary’
call chktypl(ando):
134 ¢hoo lean primary’ :7 <logical expresasion’
13% i ( <boolean expression> )
cnll setstypempi{atypempl):
136 <loglcal expression’ ::!F (expressiou’ <relation®
136 Cexpression’
i1f (stypemp=str) and (stypesp=str) then
call generate(typempl+2):
else
call chktypi(typempl):
137 (relation> (:% =
call settypespleql):

138 i <
call settypesp(las):
139 [
call settypesp(gtr):
140 { <comp>

t
141 Ccomp> i1z < D
call settypemp(neq):
142 [
call settypemp( leq):
143 [
call settypempiged); .
144 Cwhile atatement: ::= <while clauge> (do statement®
dot .
call generate(brsl:
call genStwo(=aymlocmp):
call setSenter( typemp):
end:
143 <while clause> ::= <{white> <boclean express lon®
cail branchSclause(bsc': :
146 {while> ::= while
call setsymlocmp(codesize):
147 (for statement> ::= (for clause’ (etep expresgsion’®
{47 ¢until clause> <do statement>
dot
call generate(brae):
call genStwolsymincmp!';
call setSenter( type’ap~1));
endt
148 Cftor clause> ::= for nssignment etatement>
do
if (typesp< gimvar! or (stypespcint) then
call errort ' ni’?;
call generate(br~i:
call compilerSinbel:
call setaymlocmp! ~ndeaize);
calt literat(symiorspt:
eall litload(etlont:“aymlocep):
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end;
149 ‘mtep expres=ion® :!T step Cexpresgion’
do:
If stypesp”’int then
call error( ' ni )
stepSflagztrue:
call stepSgen;
end:
150 <until clanse’> ::7 (until nop-ierm> <(expression>
do:
cail generate(leq):
call branch®e lause! bse);
end:
131 ‘until nom—term> 1T anttl
if not stepSflag then
do:
call genSint$v(]1}:
call stepSgen:
end;
else
stepSflag=false:
132 <do statement> :°= do simple statement>
!
133 (close statement> ::= :lose (identiflier>
call clowe®flile(=sp':

x/

134 | <close statement> , <identifler> */

call close®filetsp):
133 <gsubprogram declaratlion> ::2 “subprogram head ing>
138 (gimple statement’
do:

call literal(symlocup):

call generate(uns):

call generate(rtn);

call decr@blkS$level:

call setSenter( typemp):

call titeral(symlocnp+~2);:

call genSint@®v(N);

call generate(sid):

pvnum, pcount=9;

fflag=false:
end:
186 <subprogram heading: ::z <function heading>

fflag=true:
157 ‘procedure heading?

138 <function heading - ::3 <paraml-2s function>
!
139 ‘function 8 params>
dos
cal]l generate(avl).:
if ptest<(>@® and passi then
call errort 'pd )
end:
160 <procedure heading® ':z <paraml:ss proc>

161 ’ I {proc & params>
o1
call generate(sv2):
if ptest<>® and pnasl thenrn call errori ' pd’);
end:

*/
x/

*/

x/

162 <paramless fnnctinn> ::= {(Jeciaration typed functi - n *.

162 {identifter> H
call processSpracSiclfiqp=1.func,<typemp):

163 “function 3 parame. 'z function head> <identifi«-

do:
call procese®identRI~1tmppl,pare. M
parme . ptest=(pcount.=peamt+ji -
call procSaav:

ond;
169 v funetion & params®
163 S Tavravtionw
165 funetion e o ot to~lacrat g tyne fonetion

Iy

> ) . ¥’
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| /X 163 “identifler: ( x/
‘ call processSproc8Sdcilsp-1,func.strypempd;
g Vg 166 « “function heads . ideptifiese> . *,
doy
call procees@ident$ic1fmppl . parna, .
pcount=pcount+1{:
! end:
o Vs ] 167 “paramless pro-> "= procedurs ldentifier> : x/
do:
cell processSproc8d~if{pppl,.pro,.n. .
call procSesav:
end;
’x 168 {proc 8 params’> "2  procedure iead> <identifier: - : */
do:
call processSidentSiclimppl,parw.™;
parme ,ptest=(pecount: . pcrunt+l);
call procSsav:

end;
Vg 169 ' “proc 8 parawms> <declaration’ : *./
¢
I4 3 179 ¢{procedure head> ::= procedurs ideutifier> ( */
call processaSproc$icltrppl,pro.0):
i Vg 171 I ‘procedure head> <idemntifiw: . *s
' do:

pcount=pcount+]:
call processSident®d. 1 nmppl.parm,0):

end:
g 172 (procedure call> *:= {call heading> <(expression* /s
do:
pcountzpcount+l:
call checkparm(arypempl):
call procSpro:
if fpcount<’>pcount and paes2 ihen
call error( ' pe
end;
/X 173 <{call heading> ::= <identifier> ( €.
do:
if ((b:=procesaBident(mp)i<>func) and (h<{>prnad) th.n
call error( ' up’');
call processS$procib);
fpcount=ge tparm:
pcount=9;
end;
/R 173 ! <ratl heading> <ecxpression’> . X/
do

pcount=pcount+1]:
call checkparm(stypempl)

and;
/R 173 Cexternal declaration® ::= (declaration type> extavnal .
/R 173 function <external list x
/x 176 | external procedure x.’
/R ITh <external list> x/
4] 177 (external [Ist> ::= [{dentifler> x.
4. 178 ' axternal llst> , <idenatifier- *,
1
/x 179 (cAme statement® ::= “"case heading> {rcame block’ * ..
do:
do i=1 to n:
call procemaB-aesIiabelfclable-i':
end:
call set®enter( typenmp :
end:
Ve [R103} ‘case heading> @ : crae Coxpression of x.7
d-;:
If stypamplidint th-.r ‘
call error! " niji " : {

ceal!l genBintSve .

call generntaimpid:

call etScompllorsic. '
call settypemp(elaiit

't




ceall generate( i-2);

call genStwn(ge taddr-<-:

call generatetshr):

call generntetbral:
clableaz=clable+!,

call 2nterSconpiler3tabelrd);

n=o:
eud:
/R 181 {case block> ::2 hagin <case block body® eand
sr 182 ‘case block kndwr 1:3 ‘gtatement:
cali caseSstate:
Ve 18 i “cage blu~k hody> : (gtatemeutd

call caseSstate:
end: J*®of case =tatementwi’

end synthealze:

/RN K VRN R R T T NI oy v e OO R RO N

Sk rror recovery routines .
V2 I I TS RS I T LR 2 23 £ 3.0 F AL RINE A 33 3 4 275 ST AL

noconflict: proc (cstate) byt
declars cstate statesize, i . 1.K}) indexsizo:
J= ladexltogtate):
kz J + index2(cytate? - |:
do 1 = 3 to k;:
tf readl(i) = token (aen roturn true:
end:
return false;
end noconflict:

racovar: proc atatesize:
declare tsp byte, rstate star-size;
do forever: tsp = sp:
4o while tep < 2355. -~
If noconflict(rsta‘=-:=stategtack! tap)}) then

do /% state will road token *~7

If sp <> tap then =p = tsp - I:

retarn rstata:

end:

tep = tsp - 1y

end:
call scanner;
end;

end recover:

Ve 3 REI TSI RS L T L APES PIREEITEIEFITEITSESS I IS IS 333 4 3 Sebg -+
e 3 b3 42T+ 3 34 [alr parser rout ines E2 & P -
e 4 FRAEEE R R KK RRPR KRR CP NS P WOR R URNON X KRR R ROR RO KR i

do: /%2block for declaraticnex/
declare (1,.J.k) index=mize, index hvte:

inftialize: procedure:
rall title;
call initliallze®earann.r;
call Initiallze®aymtl |
ceall tnitializeBaynthes oo
apnd initialize:

getinl: procedure inde-sir:
return indexfifatat.:
end getin!:

goetinl: proc~dure inde s
rotarag Index2Carate
rnd getinl:

*/

r*/

x/

x./
X
*

S oam:




incep: procedure;
if {sp := ap + 1) = long'histatestack) then
call errort 'so’i:
end incsp:

lookahead: procedure:

if molook then
do:
enall scanner
no look = fnlse:
if listtoken then
call printStokeu:
end:

end lookahead:

gsetSvarc8i: procedure( i!:
declare 1 byte:
% get varc, anl in--rment varindex *®/
varcl{varindex)=i:
if(varindex:=zvarinls:+1) > length(vare) then
call error(’vo'i:
ond setSvorc8i:

/% initialize for input — output operations *s
call mover .rfchb..wfch,9): s put filename in write fcb =*/
call setup8intSlfileS: % create an output .flle for code gemne-atsd */
call taitialize:

do forever:
do while passl or pass2:
/% fuitinlize variables </
compiling.nolookstriwe: statesstarts:
sp=2373;
varindex,.var = 0;

do while compiling:
if estate<=maxrnc then /% read state */
do
call lneap: <‘*atastack(sp)=gtate:
l=getinl: call lookahead:
J3l+getin2-1:
do =1 to
if readlfi'>token then - X save tokem */
do: Tartsp) Svarindex:
/¥ copy accumulator to proper pogitinn =/
do index = 0 to acrum:
~all set$varcS$ilaccun( index)):
end:
hashf ap)=hashcode:
/% =ava relative tabhle location *x/
@ta'“raad2(i):
no lookT truet

=)
anil: wlse
tf 1= then
do:
call wesarftap’):
f(atnte = pacover)Zd then cnmpiling=ial.-:
ond
ond:
end: olan
{f state>maxpnn then ©apply productian state ¥
dn
mpap-got inl: nrelampe e

prodite t fon = <o tommaxpnn:
cal]l esynthewi

“«psmp: -zt P
carindexz o e

i
— ) —— . —— r— ‘




P

JTstatestack(sn):
do while t:=applyl(l))
1=i+1:
end;
if(state:=
endy else
't atate<? maxino
do
izgetint;
do while
=i+l
end:
statezlook2(t):
end: else
/% push state =/
do: call incsp:
statestackiep):
statesgetinl:
end;
end: /% of while conmpiling
end: /¥of while passl or passl«/
listaource 2 false;
listprod = fals~;
listtoken = false:
call initlalize:

then ‘¥ lookahendl state
eall ionkahead:

Tk:=lonkl(i") and

BN ]

3°¢ind;

*®/

pass2 * true;

end; -“¥of do foreverx.

/% of block for parser »~

end;
s7%0f block for declarati us/

end;

eof

applv20i))1=0 ther rompiling

> O and g <> k;

2 falen:

x/

token < Kk;




186h: s¥load polint for interp program¥/

declare .'xglobal llteralex’

1t literally *11terally”,
true lit 1,
false 11t ‘o,
forever it ‘'while true’,
cr 11t ‘0dh’.
¥4 it ‘9ah’;
dec lare /%op codes for algot-m machine ingtructions*x/
dec i lit ‘25,
str 11t ’ )
int 11t 2.,
dcb 1it '3,
brs lit 34° .,
b=, lit '35°,
iml lit ‘27,
ims 1it ‘28
declare “%interface points f-r cp/m and interp¥r.”
bdos 1it ‘O5h’,
bhoot 1t "Oh’,
diskbuffloe 1lit ‘80h’,
fecbloc 11t 'Sch’,
diskbuffend lit “1900h°,
bdoabegin address initial(96h),
ma x based bdosbegin aldress,
buff address initial(diskbuffend),
char based buff byte,
file~name address initialtfcbloac),
fnp based filename byle:
declare -*build varisblesx/
prthase address,
prtSaddr addreas,
prtéentry based prt8addr address=,
codebane address,
codeptr address,
stackbase address,
curchar byte.
awiteh byte initial(falae,
bld8f lag byte,
b based codeptr byte,
a based codeptr address.
templ address,
ti based templ byte,
temp2 addreas,
t2 based temp2 byte:

/% declarnotions for interpraoter x/

.
H

B
, /¥atack size timee 4w~
B

declare contz 1t ‘lah’,
quo te tit ‘22h° .
wha t 1t ‘63"

declare eolchar 1it ‘Odh’,
soffiller it “lah’.
intrecsize 1lit ' 128,
1ilakrecsize 1it ‘128",
atringdelim 11t "22h° .
conbufi{size 1i1t ‘80
console Tit o
nrstack it ‘48"
maxShikSlevel 11t e
negative it N
positive 1it B TR

declare rna aldreca,
rb Addreca,
re addre<s,
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declare

declare

declare

basad
based
address,
address,
based
based
based
based
address,
address:

e -
twobyteoprand
sb

st

bra

ara

arb

brb

mpr

med

inputbuffer
buffSspace(conbnffaize?
inputindex
conbuffptr
ron@char
inputptr
input®char
nanS$read
printbufflength
printbufferloc
tabposl

tabpos2

tabpos3

tabposd
printbuffer
printpos
printbuffend
rereadaddr
input type
fleld®length
2ign

based

fileaddr

fob

fcbadd

eofaddr
bufferSend
recordSpointer
buffer
nextdiokchar
regSlangth
blocksize
blkSlevel
error®flag
blk(max$SblkSleve )
byteaSwritten
firstfield
eofra

eofrd

(ré,r!1.r2) (11
faign0,signl,sign2)
(dec®ptf,decptl.dec®ptd?
ctr
noSshift
base
LSbyte
b8addr
ho Id
“Sbyte
hSaddr
ptr@one
ptrS$two
pSone

P8 two
stacktop
ret8addr hased stacktop
pobSptr

poebh®value haerd prlh@2p'r
countar

move®ont

ret$value

bame
bave

based
based

ho 14
he 1d

based
based

bamed
based

ptr8one
ptretw

bvte,
aldress,

re
re

byte,
address,
addre<as,
hyte,

ra
ra
rb
rb

byte initlal(conbuffsize!,
byte.
byte.
address,
based
address,
inputptr
byte.
lit

iit

Iit

lit

1it

lit
address
based
it
address,
byte,
byte,
byte:

conbnffpter byt

Lite,

M R
‘8oh’,
‘1427,
‘136",
170,
'184°,
initial(printbneferloc),
printbuffer bhyie.
"DeTh',

address,
based
based
address
address
address
address
based
1it
address,
byte
byte
address,
address.
byte,
address.
address:

{leaddr
fileaddr

byie.

ailew,

recordSpointer
128°,

tryte,

initial(23%3" .
initisl{(fal:

bY'e .
byte.
byte,
address,
byte,
address,
byte.,
address,
addresae,
byte,
address,
address,
addreaa,
byte.
byte,
addreaeq.
anddre«s,
addreca,
addrees,
byte.
addrasa,
addrernas,




tegtvelue address,

tadl address,
tad address.
tad3d address,
réptr byte,
overflow byte,
signifSno byte.
o8l lag tyte,
s8f lag byte,
zero3result byte:

/f%cp/m intevrface routinesx/

wonl:proredure(function.parameter):
declare function byte.
parameter address;
goto bdowe:
end mont;

mon2:procedure(function,parameter) byte:
declare functlon byte,
parameter address:
goto bdos:
end mon2;

mon3: procedura;
g0 to hnot;
end mon3:

printchar:procedure(char):
declare char byte:
call montt2,char):

end priutchar;

print:procedure(buffer):
declare buffer address:
call monl(9,baffer):
end print;

crif:procedure:
call printchar(cr):
call printchar{(1f);
end erlf:

/% procedures for builtd */

opendint8file:procedure:
fap(9) = "a’:
tnp( Oy = "1';:
fap(lt) = "'n'y
fap(32) = 4;
If moa2( i3, filename) = 233 then
do:t
eall print(,.’'nl $°):
call crify
call mond:
end:
end opendintSfile:

read8int®file: procedure byte;
return wonl( 20, fjilenam=):
ead read®int®flle;

/%global pro-adureax/

tacbuf:procedure;
tftbuff = buff+1) >z dis"nf’end then
do;
buff = diskbuffloc:

;
1
1
i



if readSintSfile > @ then B
char = Tfhy ?

Tt

i end:
g end lucbuf:

sto@char®inc:procedure:
b 2 char;
codeptr = codeptr+l:
end stoScharSinc:

next@char:procedure byte:
call incbuf:
return curchar !* char:
end nextrhar:

getStwoSbytes:procedure;
b(1) = nextSchar:
b 2 uextdchar:

end getStwoSbytes;:

incScodeptrStwo:procedures
codeptr = codeptr + 1 + 1:
end incScodeptrdtwo; i

ge tparm:procedure addra<s:
return shl(double(nextchar',8) + nextchar:
end getparm:

pﬂck’declmﬂl!procedure(loc$one.loc3two):
declare switch byte,

. locSone address, 4

| {oc8Stwo addreas:

pack:procedure:
if (gwitch = not switch) then

) pStwo = shl(pSone~-30h.4);: /% odd *®/ ;
elme . 4
do
: pStwo = pStwo or (pSane=30h): /%X even X/
1 ptr®two = ptrtwo + 1:
! end
: end pack;

1 ptr8oane = locBone;
) ptr8two = locStwo:
: switch = false!
§ templ = ptréiwo:
! pStwo = 0;
] ptr8two = ptr8two + 1:
| temp2 = pird#two:
pStwo * O:
ptr8two = ptrStwoe + 1:
do whlle pSone <> O:
if (p@one > '®') and (pSone (= '9°) then
do:
call pack:
tL = tl + 13

i
{ end;
¢ elae
} 1f pSone = '.' then
H t2 2 tt: 7% left offs~t to decpt *~
i else
dot
3 error$flag = true:
returng

4 end:
: {f ((ptrSene := ptr®one+t) = diskbuffenDd and b1d8flag thken

do;
; ptrSone = diakbulfln.: i

if readgint®file = 9 then

. do:
B pSonef{2) = Tfh:
i returnt
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end:
end:
end;
If switch then
do:
tl = tl + 1
ptrétwn 2 ptr¥two + 1:
end:
t2 = tt -t
tl = ¢t 2
pStwo = ti1 + 2:
ptr8two = ptrdtwo + 1
: p8two = poaitive; /% thic 1isld nmed for dec sign ®/
end packddec'mal;

2: /% right offset to decpt %/

/% procadures for interp x

readchar:proredure byfe:
3 return mon2(1.0):
3 end read-har:

] read:procedure(al;

A declare a address:
call monl(i9,a);

; end read;

open:proredure byte:
return mon2(16; fileaddr):
end open:

close:procedure byte;
return mon2( 16, fileaddr:
end clowe;:

diskread:procedure byte:
return mon2(20,.fileaddr?:
i end diskraad:

i diskwrite:procadure byte:
return mon2(21! fllaaddr):
end diskwrite;

; make :procedure byte;

j return mon2(22,fileaddr):
| end make:
1
/]

delete:procedure:
call moni(19.fileaddr:':
end delete:

¢ setdma:procedure;
call monl(26. . buffap):
] end setdma:

select:proceduraldrive):
i dec lare drive bhyte:
call montt 14 .drive);
end mselect:

mesk!procedurs! locatinn' addrova:
d decliare location addreaa,
l | based Jocatiyn ~rilreee;
| return | and Obfflh:

and msek:

| checkSint@sign: procednra’ valg:' hLyta;
declare vanine addree«:
if rolthict! valae! . 1) It

! roetuern nogotive:
elge

! return preitive:

| aend cheexBin!lRalgn:




check@int:prorcadure(gtackSln’ hete:
declare stackSloc sdlress:
If not(rol'high(stack&loc 21 then
return true;
alse returan false:
end check®int;

checkStemp:procedure(gtack!i. rn* byte:
declare atack$loc addr-ss .
if (rol (high(stack¥loc'.i:) and
(rolChigh(stack$lac' .21) then
return true:
elee return false:
end check$temp:

set®upbn~g:procedure;
if not checkSint8gign(arn then
ara = ara or 4000h:
if not checkSintS8sign(arh: then
arb = ard or 4000h;
and setSupSneg:

checkSneg:procedure;
1f not checkSintSeigniarh' ‘ien
arb = arb and Obfffh:
end check®neg;

popSstack:procedure:
declare num byte;
ra 2 rb;
if check$temp/ar*' ‘hen
rb = rb - (bri-2);
else rb = rb - 2:
end popSetack:

pushBstack: procedure{ num:
declare num byte:
rb = ra;
ra = ra + num:
end pushS®s tack:

move : procedure(source ,desat . .ronnt
dec lare source addresw,
dent addreas.
count bytas,
schar based saur~» byte,
dchar based des i “yte:

do while(count := count = ! <> 285
dehar = schar:
sonrce = source + |
dest = dest + 1:

end:

end move:

fill:procedure(dest.char .n):
s2f111 locations starting nt deat with char for n hytes>.~
dec lare dest addreas,

n byte.
| based deet bhyte,
char byte:

do while (nizp-1) I Of Ny,
d = char
degt = dret + 1
end:
end 1l

errorSmmg:procedurs(mag"
declare meg addreas:
call printSchar¢’ ">
call printSchar(highf men'
call printS-har( lowl s
end errorfmeg:

%

AR S




warning:procadura(wnrncode):
dec iar~ warncode addiv3e;
call crlf:
call priut{. "warning $'':
call error$asg(warncode?;
end waraning:

errori:provadure{errcode’;
dec lare errcode addroen;
call erlf:
error#flag = true:
call printl. ‘error 3'):
call errorSumgierrcoda);
eond errvor:
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initiatlizceSdisk@bufferiprocaetire;
call Filitbuffer.coftfilles. (28
end initialize9dlskShuffer:

bufferSstatuaBbyte:procedure byt
return fohi13);
end bufferSstatus@byte:

set$buffer®status8byte:proceduraistatas):
declare status byte:
fch(33) = status:

end sat$haffsr3statundbyte:

writeSumark:procedure byte:
return buffer$Sstatus$byte:
end writedImork:
getSwrit 8mark:procedure:
call setShufferBatatnadhytalbufferSstatus8byte or #1h);
oend setSwrited3mark:

¢ lear$writeBmark:procedure:
call setSbufferSstatusSbytalbufferSstatusSbyte and Ofehr):
end clear$wr{teSmark:

activeSbuffer:procedure byte:
return shr(bufferS8stntusSbyte, 1)
end activeSbhuffer:

sat$buffar8inactiveiprocedura;
call set®buifer®otatuaSbytoalbuflfeorSestatus®hyte and 0fdh!:
end setShufferSinactive;

gset$buflferBactive:procedure;
call setSbufferSstatuadbyt(bufferdatatuz$hyte or 92h);
end setSbufferdactive:

se tSrandomBnode ! procedure:
calt wetSbuffer@statusdbyts: buffer$atatus8byte or 86h);
end setSrandom8mode:

random®Pmode : procedure byte;
return rolibulffer®statusSbta, 1)
and random@mode

diskSeofl:procadure:
If eofaddr = 9 then
call error(’ef’):
re 2 aofaddr + 1
ra = eofra;
rb 2 sofrbd:
goto eofaxity
end dlakSrof;




filisfllesSbuffor:procedure:
if diskread = & then
do
ra)] setSbufferSactive:
return:
end:
if not randomSmode then
do;
call diskSeof:
return;
end:
call initiallzeSdiskSbuffaer:
call eetSbufferSactive:
return:
end flliSfileSbuffer:

writeSdiekSifSreq:procedura:
if writeSmark then :
dot
If diskwrite <> 9 then
call error(’dw'): ]
call clearSwriteSmark:
if rendom@mode then
call setSbufferS$inactive:
alme
call initialize3diskShnfier;
end: 1
recordSpointer = buffer;
end writeSdiskSifSreq:

atSend®d iskSbuffer:procedure hyte:
return (reccord@pointer := recordSpointer + 1) > bufferFend.
end atSend8d isk$buffer:

var8b lockSe ize: procaedare hyte:
return blocksize <> 9:
and var8blockzize: :

storeSrecBptr:procedare;
fcbadd(18) = recordSpointer:
end etoreSrec¥ptr;

writeSaSbyte:procedure(chnr):
dec lsre char byte:
{f varSblockSgize and (byteawritten = bytegwritten+l)
> blockeize then
call eprror(’er’):
{f atSendSdiakSbuffer then
call write8disk®i{®req:
if not sctive®buffer and rondom®mode then

do:

call fillSfileSbuffer:

fehbt3J2) = fcb(32) - 1; % reset recnrd no */
end:

nextdiskchar = char:
call met@writeSmark:
end writeSaSbhvte:

set8file®addr:proceduras:
prt8alddr * maski(ra):
fileaddr = prt€®entry:
nofadde = fohadd( 19):
call popS«tack:

oend setSfilefaddr:

set8filedponluters:procedurs:
bafferSand = (buffer 2 filanddpr + 13) + dlekrocnize:
rerardpointer = fobadd: [
blockeize = fchaddt 7
call antdmn:
oend aet@filudpointers:

actupSfileBavt. at:praocad 1o,

; (GO




end setup8fileSextant:

diskSopen:procedure:

end dtek8open:

setSeof@etack: procedure:

end setBeofSetack:

aetupSdisk@io:procedure:

end setup8diek®lo;

randon@9e tup: procedure

if open = 233 then
do:
iIf make = 233 then
call error({’'me’):
end:

declare ([ilename.buff.bikFsize) addrees,
. (i1.J) byte,
char based buff byre:
inc®):procedure byte:
return () = 3 + 1)
end Inc$y:

prt®addr = mask(ra):
~all popS8stack; 1
blkSsize = ara: .
ceall pop@stack;
buff = mesk(ra):
call pop®atack:
buff = buff - char:
fileaddr.prtSentry = ra:
buffer = ra + O
call fill ((filename = ra + 1), *,1D);:
If char(2) = ':° then
do:
bra = (char(1l) and Ofh) -~ 1:
i = char - 2;
baff = buff + 2:
end:
else
1 = char:
if 1 > 12 then
i = 12;
buff = buff + 1;
J = 2535
do white (rhar(inc®)) <> ".") gnd (J < 8):
end:
call move (huff,filenAuwe, y?:
i1f L > inc$y) then
call move (.char(j).filsnam+8,1-3);
call setur#flleSextent:
ara(19) =

ara(18) = ra + 236;
ara(i7) = bik@size;
ra = ra + 168;

enfra 3 ra;:
aofrd = rb;

call set8filaBaddr:
call setSfjileSpointera:
bytes@written = 9
Tirstfleld = true:

daclare bytocount addroas.
record addreaa,
extent byte:

if oot var®hlockSmize then

call error( 'ru’)

ars = aran - 1|:

call setSrandomBmodn;

call <etPbulferdinnetive:

call writa3di«k3if%reog:

bytecount = hlocksiz. * vien:

recordpointier = t(hyt. cann? Aan! Tfh +« haffar - 1

el




call storeSrec®ptr:
record = shribytecnunt,7):

extent = shr(record.V):
if extent > feb(12) then
do:
if close = 233 ithen

call errort’'ce'):
feb(12) = extent:
call IstupSfileSextent: >
end; A
fcb(32) = low(record) aud Tfh:
call popSstack:
end random$se tup

get8disk8char:procedurs hyte:
If atSendS$diskSbuffer then
do:
call writeS8diak3i{Sre.  ;
call filiSfiteSbuffer:
end:
If not activeSbuffer then
call fill#fileSbuffer:
if nevtdiskchar = eof{fill:r then
call disk®eofl:
retnrn nextdiskchar:
end getSdisk®char:

diskSc loae:procedure;
call <et8fileSpointers:
call write®disk8if{Sreq;
prt3addr = mask(ra):
if cloee = 2353 then

call error(’ce’):

prtSeutry = @

end disk#close:

clesr$print$buff:procednre;
call fill((printbuffer := printbufferloe),’ ' ,72);:
end clearSprintSbaff;

dumpSprint8bulf:procedure:

dec lare temp address,
char based temp pyte:
temp * printbuffend:
do while char = * °;
temp = temp - 1:
aend:
call ertf:
do printbuffer = printhufferlioc to temp:
call printchar(printpos).:
end:
call clearSprint®buff:
end dumpSpriunt3balf:

loadSprint$buflf:procedure(char):
dec lare char byte:
priantpos = char;
if{printbuffer =z printbhuifar +{) >
printbaffend then
callt dumpSprint®hufl:
end loadSprintSbhuff:

ouatput:procedure(deat, chari:
declare dest byte,
char byte;
if dest = conaole then
cnll printSchart~har):
alge
call writoSa8bhytachart'; ¥ to Jisk v~
and nutput:

to console */

write@doc iprocednrafanupen  toz):
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declare sonrce address.
pum byte,
numSdigits byte.
char byte,
Index byte,
dest byte,
count byte;
store@one :procedure:
if fawitch = not ewiteh) then
do:
char = shr(h8byte 4 or '0Q’:
if (count=9) and (:char='0') then:
else
call oautput(dest,chnv) .
end:
elwe
do:
call outputfdest. “Rhvte and Ofh' or
hold = hold ~ 1:
end;
count = count + 1:
end storefone;

hold = source;
sign = h®byte( 1)
tf sign or OAh then
call output(dest,’ '):
elge call outputidest, =~ )
count = 0
hold = hnld -~ hSbyte:
num@d igits = h@byte * 2
hold = hold + 1:
num = nun®digites - h®hvte:
swlitch = false:
hold = hold + 1I;
do index = | to nomBdigits+1:
If count = num then
do;
call ontput(dest,’ . "
count = 100
end:
elwe
call storeSone:
end:
end writeSdec:

writeSatr:procedure(hold.dest :
declare hold address,
h baeed hold hLvte,
dest byte.
index byte:
hold = hold - h:
do index = | to h:
call output(dest, hy index)):
end!
end writeaSstr:

writeSint:procedure{value . dest;
dec lare value address. i hyte, count byte:
declare declut(3) address initial( 10000, 1006,
declare ((lag,dest) byte:
oign = checkSintSaignt valu~':
if sign 2 negative then

dot
value 2 —value and ABfifh: . maek ..fFf next
call ontputtdeat, -1

end

else call cutput(deat. .’ [
flag = falme;
do | = 9 ty I
count = 10h:
do while value >= Jeeciu': ()
value = value — duo jntt iy

1¢3

199,10, 1)

to left hit =~
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flag=truet
count=count+1;

end:

if flag or (1 >= 4) then
call ocutput(dest.ccanil:

alee
call ontput(dest., ' '1:

end
end writeSint:

writeSto$disk:procedure( typer);

/¥ type O~integer.type l-da>iimal, type 2-atring *x/

declare type byte:
if typ = @ then
call writedint(ara.1):

if type = | then
call write®dec(ara, ()

if not firstfleld then /¥ zeparate flelds with commas X~

call writedabyte( ', ')
else firstlield = false:

if type = 2 then
do;

N

call write$aSbyte{quot»: /¥ etrings put

call writeSstr(ara,l):

call writeSadbytei(quata ; /% add trailing quotes %X/

end;
call popSstack;
end write$to®disk;

concatenate:!procedure;

declare (sizel,size2,t8g5iz~) byte:

templ = maskira):
call popSstack:
if not check$temp{ara) then

do:
temp2 = mask(ra)l:
temp2 = temp2 - t2;
size2 = t2 + 1¢
call move(temp2.ra.sizel);
end:
alme
do:

sizel. = bra:
ra = ra - bra:
end;
tempi = templ - t1:
seizel = t1;

call move{ templ+| ra+siznl . sizel):

t8atze = sizel + sizel:
bra = tSsize - 1:

ra X ra + t@size:

bra = t8elze:

bral(l) = PcOht “%X get temp hits ¥/

end concatenate}

convert8todlint:procedure({ inc,cive)

declare decintt3) addreaa initial (10000, (900, (90, 19,

lne auddress,
hold address,
It bamed hold byte,
num addresas,
(1.J.«1zp) byto:
num = A
J = %
hold = loc + size - |.
1f aize > 3 then
call ce=nel " ja’b:
nlme
do1
do 1 = ! ta ajze;

lef

nddress:

in quotes ¥.7

.

vkt il Fadl 48 %50



nam = num + (h - 3My £ decint(jy:= 5=-1):

hold = hold - I[:
en!;
if aum .= 14383 then
re ture nam:
else
call ervort 10’
end:
end convert3toBint:

one8left:procadure;
declare ¢ctr bvte:
if shri! bhShytet1).4) = 0 tyen
dn:
do ctr = 1 to 9;
L3bytetcotr) = shlfhshtel~tr) 3

end;
and
else no®shift = true;

end oneS[aft;

one®right:procedure:
declare ctr byte.
index byte:

ctr = 11
do index = | to 19

ctr = ctr—1:

b3byvtelctry = ahr bdbyteliotr).4) or
end:

ond one$right:

shift3right:proredure(count);
dec laretcount,ctr) byte;
do etr = 1 to count;
call oneSright:
and;
end shiftSright:

shift8left:procedurel{count:
dec lare count byte:
noshift = falee;
do ctr = | to count:
call one@left:;
1f noshift then
re turn;
end
end «hiftflaft:

lead ing®zeroes:procedure(addr) bhyte:
daclare count byte,
ctr hyte,
addr addrems:
count = @y
bame = addr:
deo ctr = | to 9
if (h®bytal(ctr) and OFOl) - ® then
re turn count;
conunt! = count * 1
If (hSbyteletr) and Ofh) - @ thon
retarn count:
count = count + 1:
and;
if bass = . rY then
do
call erpror(dz '
b8hyte 2 = (Oh:
de. pt® = 1
return 16
end:
return count;
end leading®=rrana;

ri®greateproccdnre hyte

16
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daclars (i.ctr) byte:
do ctr = 1 to 9
if rltctr) > (1 12 (9%h=-rOictr)))
return true; -
if ritctr) <« 1 then
return falme:
end;
eSflag = true:
return true;
end rigroater;

then

allign:procednre;
declarei(x.y' byte:

right®-~p:procedure(addr);
dec lare addr addreass:
if noshift then
do:
base = addr:
call shiftSright(y :=
end;
end rightSop:

« - ctr);

y = 03
If dec8pt® > dec®ptl then
do:
bnse = .rl:
call shift8left(x := dacpt® - decptl):
decptl = decptl + ctr—i:
call rightSop(.r@);
decpt® = decpt® - y:
and;
else
dos
base = .19,
call shift8left(x = decptl = decSpiN):
decpt® = decpt@® + ctr—1;
call rightSop(.rt);
decptl = decptl-~ y:
end:
end aliign:

add@r®:procedure(second,dest);
declare tmecond, dest) address,
boild = secound:
base = deat:
cy = 9,
ctr 2 101
do index = | to 1t;
rfl(ctr):
h@byta(ctr);
decf(a + cy):
y * carry and 1
2 dec(l +# b);
cy 2 {oy or carry) ond 1:
b@bytei(ctr) = |
ctr 2 ctr - 1

(index.cv

a
b
i
c
i

cad
\f cy then
do:

ctr = 10:

do itndex = 1 to I1:
1 = bSbyteictr);
I 2 dacti + cy)
ry ° carry and 1;
b8bhyte(ctr) = i
cte = ctr - 1y
and:
end)
arnd a.ld@ro:

compliment procednre(numb’:
daciare numb byte:

177

a

b,

) byte:
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do case numb:

hold = .p0;

hold = .rt:

hold = .r2;
end;

if 9lgn80(pumb) then signGinumb' = negaotive:
else sign80(numb) = positi-::
do ctr = 0 to 10:
h8byte(ctr) = 99 - hBbyieclctr):
end;
end compliment:

rightSjustify:proacedure(numh?:
declare (numb.i) byvte;
do case numb:

bese = .r0;
base = .rl;
base 3 .r2;
end:
1 = 9

do white (((i:=1+2) ¢ decp*®fnumb)) and bSbyte(91=9));

call shift3right(2);
end:
decpt9(numb) = decptO(numb) - 1-2);
end rightSjustify:

setSmul t8div:procedure:
noshift = false;
1f (wign® and signl) or
(not aign® and not signl: then
sign2 = positive;
else 2ign2 = negatlive:
call fi11 €.r2,0.10);
end setSmult®div;

add®series:procedure(connt):
declare (i,count) bvta:
do 1 = | to count;
call add$edf . r2, .r2y;
end:
end addSgeries:

multiply:procedure(value):
declare value byte:
if value 7> @ then
do:
if noshift then
call error(‘ov’');
call addSseriea(value!:
end;
base = .r@;
call oneSlaft:
end multiply;

divide:procedure;
declare (1,7, x,120,121) bhyta:
call setSmult8dilvy
s8flag = true:
e8flag = falme;
it (129 := leading®zeroens’ .pOvy <>

(lzl = leading®zerocal r{:+ then
do:
if 120 > 1zl then
do:

bnme=.ré;
call ahiftSlafici = (=0=171);
decpt® = decpt® + i
X = 1zt
and:
elee
de,
bas=s = .rl:
call shiftSlaft =i -1=00;

1




decSptl = decptl + i;

x = (20
and
end;
else x = 1z1:

decpt2 = 9 = x + deacpt] =

call compliment(0):
do 1 = x to 19:
' J 3 0

do while riSgreater andi
call add®rOl . vil..rt:;

J =g+ 1

If e8flag = trne then

ends
k 2 shr(i,.D);
If 1 then
r2(k) = r2(k) or J:

decptd;

«8f lag:

38flag =

else r2(k) = p2(k) or shif{).4):

base = ,r@;
call oneSright:
end:
end divide:

checkS$result:procedure:
if r2 = 99h then
do:
call compliment(2):
aignl = sign2 xor 1:
end;
elme
do:
if r2 ¢>0 then
call error(‘ov'):
if not s$flag then
signld=positive:
end:
end checkSresult;

check®s ign:procedure;

o8l lagefalse;

if sigud and signl then

dos
sign2 = poeltive;
return;

end;

sign2 * negative;

if not sign® and not signl than

dog
8s8flag=true;
retnrn;
end:

If sign® them call complimentst 1),

eloe call compliment(0);
end checkSsign:

sdd:procedure:
call check®s ign;
ceell addSer®(.p1,,.r2);
call check®regult;
decpt2 * decptd;

end add:

cpyBreg28onr tack: procedure:
dec lare count byte,
| byte:
col!l right®justify(2);
call papSatack;
count = 0
base = .r2;
1L = 10 « (decpt2+1) -2,

do while (h8byte = @) and (cunynt < [ R

base = Lame + |,
rount = count+ |

l6¢

false;

s



end;
ra * rb + 2;
bra(@) = (coant :=
bra(l) = dec$pt2;
call move(base, ra+2,couunt’:
bral(count+2) = count+2:
brd (coant+3) = sign2 or O:OhL:
ra * ra + count + 2:
end cpy®reg2¥9onstack;

10 - cnunt)d:

/% get sign and temp bite

loadSreg:procedure(source . .reg®unm ;
declare source address.
reg@num byte,
count byte:
bolid = mource:
if not check®temp( h8addr)
hold = mask(hold)}:
s ign@(regboum) = h@byta(1):
hoid = hold -~ h@byte:
count = h@byte;
do case regfnum:
base .r0;
base rl;
base .r2:
ends
call fiill(base,0.11);
hold = hotld + |;
dec8SptO(regbnum)
hold = hold + I;
call move(hold,base+10—-count.count):
end loadSreg:

then

=z h#byte:

se tSup@regs :procedure;
noshift = false;
call load®regi(ra,®);
call loadSreg(rb,1):
call right8justify(0):
call right$justify(i):
ond setSapSregs;

stepSins®cnt:procedure(num);
dec lare num byte:
rcere+num;

end stepSineScnt;

branch8absolute:procedure:
call stepSinsScnt({);
rcstwobyteoprand - 1:
end branchSabsolutet

getScode@®addr:procedure(off=et¢: address:
declare offset address:
return codebase + offset:

end get@codeSnddr:

getSpri®addr:procedure(offvet: address:
declare offeset address:
return prtbhase + offset;

end get@prtSad.ir:

load: procednreCaddr);
decliare addr addrese.
a based addr addre«s:
prtduddr = masktaddr):
a * prteentry:
end load:

store@dec: procedure(gourecs Jdea!:

Admc lare (qource ., doat,drat@®<iun} addreae.
(omtBsto,avallRat, - izSbytea) hwte,
& taved soures addro-«,

(a

PR




d based dest address,
decpt byte,
sign based dest$aicn byte:
if check@temp(a) then
templ = source;
elea templ = mask(eource):
temp2=mask(dest);
avallSsto = t2 - 23
dest®sign = temp2+l;
t2¢1) = t1(1) and Olh: /xXmask ~ff temp bits */
source= (templ:2templ-tl1):
dest=temp2-t2:
amtSmto = t1:
decpt = tl(1);
3ig8bytes 2 ((amtSat~r * 2 - decpt) + 1) ~ 24
if amtdeto ‘= avallSsto theun
do
call fill(dest,00h. t2::
call wove(source,dest. 11+3):

end:
elge If sigSbytes <= availSsto then
do
call move (sourre.dest,.t2):
temp2 = dest:
t2 = availdsto: ]
t2(1) = (availSsto - gig8bytes) ¥ 2 J
if decpt then
t2(1) = 201 + 1t
call warning(’il’);
end: ;
else
do:

hold = dest:
hSaddr = 8101h;
LSdyte(2) = 10h:
sign = positive:
call error('sl’'):
end:
end storeSdec:

store8int:procedure(dest,value);
dec lare (dest,value) address:
prtSeddr=mask(dest):
prt@entryzvalues

and storeSint;

store®etr:procedure(source de=t!;
declare (dest,source) address,
s based sourrce address,
d based dest address:
if checkStemp(s) then
templ = source;
elos templ = mask(eource):
temp2 > muekidest);
dest * temp2 - t2;
source = templ - th
it t1 ¢= t2 then
dos
call fill(dewt, 20h, t2):
call mova(gource.dest, ti):
end:
else
do
call move(monrce,deat tI2):

call warning( 'so":
and;
end storeSetr:

allocateBstr:procedure;
if bem = O then

do;
call erpryr(‘az’):
bra = 10,




end;
call push@etack(bra:=hra+ld;
bra * brb;
end allocate®3tr:

allocateSd~c:procedure:
declare store byte:
Af bra = @ then
do:
call sarror(’'az’):
bra = %
end: .
etr = brat
store * (bra+1)./2+2;
call pushSstack(stove):
bra = atore;
ara * ara or 0100h:
end allocateddec;

se t®upBalloc:procedure;
prt®addr = mask(ra):
call popSstack;

end setSupSalloc:

fini®rb:procedure:
if check3temp(ara) then
rb = ra - (bra + 2):
alge rb = ra - 2
snd findSvb:

sav@pch:procedure:
if moveSent * 6 then
return:
call push®stack(2);
call mive(pchbptr,ra,move8cut);
pcebSvaluel i) = ra;
ra * ra + moveScnt;
ara * move$cnt;
end sav8perb:

ansave :procedare
enl]l move(templi2ra~ara,beld,ara):
ra % teepli : :
end unssve:

calce®row:procedure;
declare {index,num,v.a88lze.type) byte,

(numdarraoys,num$dim.alloc8len,count, i) byte,

d (1Y) byte:

type = brn: /% l-int.2-dec.3-str %~
call popSstack;
nun®arrays * bra;
call popSetack;
num@dim = bra:
call popSstack;
v 9
alsize 7 I:
d{ nunsd im} = [
1f oumSdim = 1

doy .
a891ze = bdra - brb + 1:
v =& brb:
call popSstack:
call popPetack:

then

end:
else
do Index = | to nnm@dim:
t = nu®dim - Iindex:
afsize = pfelze % ‘uum ' hwena - brb + )

dCir = num £ 40§+ (),
v = v * Lrb x df 110
enl!t porndatack
call popPatack:

It




;
|
u
|
|

L 1ol

end}

if type = int then

call pushSstack(2):
else
alloc®len = bra;

do count = | to numSarrays:

call stepdins@cnt( i)

bra = ct 1)

bra(l) = c and 3fh;

prtSaddr = ara + prtShas-:

prtSentry = ra or 4000h: - % set addr bite ¥~

bra = numSdim:
tf num@dim <> | then
do index = | to num®dim -::
i = num@dim - tudex:
ra * ra + I;
bra = d(1)
end:
ra = ra + 1
bra 3 v:
ra = ra + 13
bra = allocSlen;
if type = int then
do:
bra = 2:
ra * ra + 1:
hold = ra:
re = ra + aSsize *x 2:
h®addr = ra:
end;
else
if type = dec! then
do;
bra = (bra+1)-2 + 4;
ra = (hold := ra+{) +
bra = alloc8len:

2;

do index = | tn a®size:

call allocateddec:
call pushS$stack(dy;

bra = ctr: /¥ reset to allocated length */

end,
call popSsetack:
hSaddr = ra:
end:
elwn
it type 2 otr then
dot
bra = bra + 3:
ra = (hold = ra + 1)
bra = alloeStlen:

+ 2

do index = | to aBsize:

call allocateSstr:
call push@stack( )
ara = arb;
end;
call pop@stack:
hS®addr = ra:
end
call stepBineSent( ()
end) /“tcountrx/

end calcSrows

cnlc®sub:procedara:

daclare array$eddr addrrs=,
location addroscs,
a®byte based arrny3addr
a8addr based arravi3addr
(1. numBdim) bytn,
offsetl addreae«:

array®adder * mask(rn):

call pop®¥=stack;

offset = ara:

num@dim = aShyte:

byte,
addregs,
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do 1 = 2 to numBdim:;
call popd3stack:
arraySaddr = array@addr + 1.
offant = ara % aBbyte + afiset;
end;
array8addr * arrsySaddr + 1:
offset = (offset -~ aSbyte+i' * a$bytel(1):
arraySaddr = arraySaddr + 2:
tf (location!=arraySaddr+oiis:t) > aSaddr then
call error(’ab’);
ara = location or 4009h:
end calcSmrub;

decrement3blk: procedure( num):
declare num byte:
ra = bik((bikSlevel:=blk$lavel-num) + 1):
call findSrb:

end decrement®bik:

addSlunt:procedure(ip 1. int2) address:
declare (intl,12i 4 addreas:
return intl + in.s.

end add$int;

subSlint:procedure(intl, int2 Address:
declare (intl, int) addres:
return intl — intl:

end sub$int:

mulSint:procedure(intl.intl) aldress:
declare (intl,int2) addross:
return lntil %X int2;

end mulSint:

div8int:procedure(intl.int2) address:
declare (intl,1nt2) addrese.
return intl 7 int2

end div8int:

exitSinterp!procedure;
call crif:
call mond:

end exitSinterpt

consoleSr=ad:procedure:
call crif:
call printchar(’'~")
gall printchar(’>’);
call printchar(’ ')
call read(. lnputbuffer):
1f buff®space( 1) = countz then
call extit$interp:
namSread * buffSepace:
conbuffptr = .buff@space:
buf (Sspace(buf fSepace+l) = ecolchar:
end coneoleBreoad;

moreaSconSinput:procedure byte:
return conbuffptr ¢ .buffX:pace( numBread):
and moreScon@input,

consn leSinputSerror:procedura:
rc = rereadaddri /% reset program counter %/
call waraing €11
goto arrorSexit: /% return t~ ~uter lavel */
and consolrSinputSerror;

getﬁcon.chnr:procedure byte:
conbuffptr =z conbuffptr - [
return ~onSchar:

agd e tScon®ehar:

3
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next@inputSchar:procedure bHyt=:
If Inputtype = 0 then /¥ v ad from disk »~
/% do forever:

iIf {(buflSspace(iupntindaex) = getdiskchar) = If then

do:
if varSbhlocksize then
call errort 're’i;

end:
else
return next8disk®char:
end %/
if inputStype = 1 then .* input frpm console */

return ge=tSconSchar:
end next®tinputdchar:

get8fie ld: procadure:
declare hold byte,
delim byte:
fieldSlength = 0
de while (hold = nextdinput®char) = * ':
end:
1f laputtype = O then
Inputpir = .buffSspace;
if inputtype = 1 then
inputptr 2 conbuffptr:
{f hold <> quote then
detim = ° '
else
do:
dellm = quote:
hold = nextSinputchar:
end;
do while (hold <> delim) and (hold <> =2olchar):
fieldSlength = fleid$leugtn + 1:
hold = nextSinput$char:
end:
and g~ t8field:

get8int8field: procedure:
declare sign byte:
call get8$fleld;
1f InputSchar = '=° then
do:
eign = |
inputptr = inputptr + 1:
fiscld®length = {ield®loneth - 1
end:
else
if inputSchar 2 '+’ then
do:
eign 2 A
inputptr = inputptr + 1:
finldSlength = fleld$length — {:
end;
elae
sign = @;
cal! pushSetnck(2);
ara = convert®toSint( inputprr.lieldSlength):
{f errorsfing then
call consnle8inputSerror:
if msign then
ara = -are and ObIffh: " =~! neg bit pad conv to nee
end get@int8finald;

get8atr®fiald:procedure:
call get®field:
conSchar = fleld@length+!;
lnput®ptr = conbaffptr - ~H1a8char:
InputSchar = fleld®longth:
call pnahSstack(2):
are 2 conbaffptr or 40004

end getS=tr8lield:

int




ge t8dec8field:procedure:
call getSfleld: '
call pushSstack(2);
conSchar = 9; /%X pet binary O aw end of rtec ¥/
if inpntSchar = '+’ then

do:
slgn = 1 .
inputptr 3 inputptr + 1:
end:
alse
if i1nputSchar = *~’ then
do; .
sign = 9,
_tpputptr = luputptr + 1:
end:
elge
sign. = Iy

call pack$decimal{inputptr.ral:
if error8flag then

call ronsoleSinput@error:
ra = ptr¥two ~ 1

bra(1l) = sign or BcOh; /* s~t sign and temp bits */

end getSdac8ficid;

initializeSexecute:procedure:
stackton=3330h:
med. rc 7 codebase:
mpr * prtbase:
st, sb = stackbase;
ra 2 (rb = 3sb) + 2
bidefliag = false:

end initialize@execute:

sxaet up machinex/

call print(. algol-m interpreter-vers 1.08'):
call crif:

call opensintd#filfe;

bld$flag = trues

call incbuf: call tncbhbuf; 7% okip codesize */
prtbase = .memory;

codebawe = getparm + prtbase:
codeptr=codebase;

/%load machinex/

do while next®char <> 7fh:
it curchar >= 128 then
do:
call stoScharS@inc:
call incbuf:
call stoScharSinc:
and;
else
if curchar = atr then
dot
call stoSchar8ine;
templ = codeptr:
char = @; /% set initinl length to zero */
call stoSchar8Sinc;
do while nextSchar > o:
call sto®char®inc;
tl = i+l
end:
char = tl+1;
call stoRcharSinc:

ehar = @: “%must nake ='r lenght an aldr quantity */

call stodchardine;
and:
elne
if carchar = int then

do:
call stafchardinc:

%




hold = buff + 1:

field®length 3 0O

do while nextSchar <> @:
fieldSlength = fiec1d8tlangth + 1:

end;
8 = convert8toSintthold.!ieldSlength):
codeptr = condeptr + 2:

end:

elae .
If curchar = deci then
do; .
eal) stoSchar8inc:
cell ittcbuf:
call pack8decimal(bulf. codaptr):
codeptr * ptrStwo + 1:
buff = ptrSone + 2:
end;
else
dos
call stoScharSinc:
if (curchar = brs' or ‘curchar = hsc) then
do
call get$twoBhytas:
a = a + codebasge:
call incScodeptrStwo:
end;:
else
if (curchar = iml) or (curchar
do;
ceall incbuf:
cali stoSchar@inc:
end:

deb: then

else
if curchar 2 Im2 then
do:
call incbhauf:
call stoSchar8inc;:
call incbuf:
call stoScharSinc:
end;
end:
ond;

gtackbase = codeptr:
/% atart of interp %/

execute:procedure:
do forever:
if roltc.1) then 7% muet he 11t or lit-lo! x~
do;
call pushSstack! 2 :
bra 3 c(1): /% lond In reverse crder *-
bra(l) = ¢ and 3fh: % uask Lite 10 x/
* (are + prt®hasec) or 4000h. . % get @l addr

ara *
if rol(c.2) theu call load(rat:
call step@insa@c-nt’ t':

end:

elne
do case c:

/% @ case A not usedx/
t

/7% 1 str X/

do:
call pushBetacrk 2
cgl)] etepBins$ oni¢ |
re T ore 4 0 o+ |
arm = rc or 40H0h:
call etepB®inma®eont( i

end:

1Te

hita ®/




N - it

/% 2 int =x/
do:
call push@stackt 2):
call ~tep8ina®cnt(l!:

ara = twoSbyteSoprand:
call step8insdcent: i/
end: ’

/% 3 xeh *x/

do;
hold = ara:
ara * arb:
arb = hold:
~nd:

/% 4 lod ¥/
call load(ra):

/7% 5 debd %/
do:
cal] stepSineScnt( '
call decrement3hikt
end:

/% 6 dmp %/
call crify

se T xit x’
return:

/% 8 ald =/
do:
call setSupSalloc:
call allocate®dec:
prt8Sentry=ra or 4000h:
end;

/% 9 ale ®s
do:
call setSupBalloc:
call allocateSstr;
prtSantry*ra or 4009h:
end:

/210 ald =/

do

call setSupSalloc:
call allocateSdec:
prtSentrysra or 490Jh:
call pushSstack(2);
bra = ctr:

end:

7%11 ale ®/

dot
call setBup®alloc;
¢all allocate®atr:
prtSantry=ra or 4007h:
call push@stack(2):
ara = arb:

endt

/12 adil =/
do:
call =etSuplnec:
arb 2 add$int(ardb.arn):
call checkBneg:
call pop@stnck:
end:

/713 add ®/
de:

71
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call setSup8roga: ¥ puts values of top two items ™= A
7% in regd) nond regl respectivelv.t: :
call allign:
call add;
call cpySreglSonetack:
end:

/%14 abi ®/
do
call @setSupSnex:
arb = sub#int({arb.ara:
call check®ueg:
call popSstack:
end; {

/% 13 sbd *~

do;

call setSupSrege; % puta values of top two items X
Sk in regd and regl respectively:

call allign: B
call compliment(9): ;.
if 9ign® then signd = negative: :
elge sign@® = pogitive;
call add:
call cpySregl8onstack:

and:

/%16 mpt x-
do:
call setSup@nax:
arb = mulSint(arb,ara):
rall checkSneg:
call popSstack:
end

/217 mpd %/
do:
call setSupSrege: .k puts valnes of top two items %~
/% in reg® and reg! reepectivelyx~’
declare (1,index) bhyte;
call setSmult8div:
decrt2 = decpt® + de-ptl;
I 10
di0o index = 1 to {9,
call multiply(rifi:=i-1) and O0fh):
call muitiply(shrirl(i).4)):
en.;
call rpySreg28onstack:
end

/7218 dwvi 2/
do:
call setSupd¥neq:
arb = divSintf{arb,ara):
call check®neg:
call popSetack:
end;

/%19 dvd x/
do:
~all sotSupSregs: .'* puts valnes of top two jtem=
% in reg® and regl respectivelyv-

-

call dAivide:
call cpySregl®onatack:
end i

/%20 E 34
/7R got used */
1

/%21 ®/
/%2 not uead 2/
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! /%22 neg X~
do;
if checkSint(ara) then
ara = —ara and Obf*'fh:
elme If check®¥tewplara: then

! ara = area xor 91604 “Xchange sign
| elee .

! dov

’ hold = maskira):

. h$addr = hS$addr xor 0100n;

! end;

end

b /%23 ctl x/
! /% not implemented %/

/%24 ci2 %/
/% not implementad %~

/%23 deci %/
dos
call push8stack(2):
call step8ineScnt( 1}
resrc + ¢ + 2
3 ara = rc or 4000h:
call stepSinsScnt(
end:

[

-

/%26 pop X/
3 call pop@8stack;

/%27 Iml %/
do¢
call pashSstack(2):
call stepSinsScnt(1);
arascy
end:

/%28 tm2 *®/
do:
call pushBetack(2):
call stepSinsScnt( 1),

brazc(1) /7% load in reverse x/
bra( 1)=c;
zall step@ins@cnt( ()
end:
/229 x/

/7% not uwed x/
H

/%8¢ wr
/% not nsed ¥/

.
’

/7731 cat R/
call roncatenate:

‘232 b1t =~

biktblkRloeval:2blkSlewval+1) = pra:
/%233 bld *®~

call decramantS8bhik( 1},

7*34 bres ¥/
call branchSabmolunte:

233 bac */
If bra = O then
cAall tranchSabanlnte;

bitxs




elee

dos - . ’
call stepSineScnt(2):
call popSstack:

end

/%36 lssik/ .
doy .
tf brb ¢ bre then
) brbaly
" slse brbz20:
call popSstack;
end: .

/%37 dlss ¥/
Vg ] not'lmplemented x/

]
/%38 sles ¥/
/7% not implemented X/

3
/7R39 gtr ¥/

dos

if brb > bra then
brb=1;

else brb=0;
call popSstack;

end:

/%240 dgtr *®/
/% not implemented */

1
/R4l sgtr */
/¥ not lmplemented %/

$
/%42 eql */
do;
if drb = bra then
brb=1;
elme brb=0y
eall popSetack:
end; .
/%48 deql R/
/% not implemented */

3
s7k44 mseql */
/% not implemanted %/

7%48 neg */
doy
1P beb. <> bra then
brb = 1;
else bHrb t O:
~ eall popSatack;
end;
7%46 dneg */
/% not implemented */

'
7247 dneg XA
/7% not (mplem=nted */

g
/%48 geq */
do: '
tf beb >= brs then
brb = 1t
eise hrb = Oy
call popSeiacky
end)
/249 dgeq X/
/% not Implemented ¥/

) t
/%80 sgeq */
/% pot implemented X/
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7231 leq */
dos ' : )
B ‘*1f drb ¢z bre then
H brd = 1,
: ’ wlas hrb 3 0,
call pop@etack:
. end;
/%32 dleq n/ .
/% net lmplemented %/

i B .
/%33 sleq *v :
/% pnot implemented %/

‘ '
! /%84 inot */
do
if bra = @ then
. bra = 1t
elde bra = 9:
end;
/%88 dmot *®~
/7% not Impltemented */

w3 o0 A

3
/286 snot *s
/% not impiemented »/

7237 iand *x/
do;
if (braz=0) or (brb=90) then
brb=1;:
‘ else brb=90;
! call popSstack;

§ end;
g | /%88 dand */

: /% not implemented %/

/%839 gand */ :
/% not implemented x/ !

H
/%64 tor %/
do
if (bre=0) and (brb=9) then
brb=1, ‘
else brb2o; i
call popSstack: i
and;
/%61 dor x/
/% not lwplemented */
3
/%62 sor X/
/% not ilmplemented */

1
/7263 wic %/
dos
call writeSint(ara,®):
call popSstack:
end: :

/264 wde x/
dot
it checkStemp(ara) then
call write@dec(ra,.®):
F eloe
! - cnll writeSdac(maskira),0),
! c¢all pop8etack:
ends .

! /7263 wec %/
do:
1f checkStemp(nra) then
call write@eatri~y,0):
alqe
call writefetrima<kira) . 9);
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call pop@stack:
end ;

/%66 wid */ h
call writeSto@8disk(a);

/%67 wid */ '
call writeStoSdisk(1):

/%68 wad 2/ ' §
call writeSto8disk(2): :

/%69 sbr %/
de:
arb = ara - arb:
call pop@stack:
end:

/7%X70 bra =x/
do;
rc = codeSbase + ara:
call popSstack:
end:

/%71 row X/
call calcSrow;

/%72 sub %/
call calcSsub:

/%73 rei x/
call get@intSfieid:

7274 red ®*/
call get®decSfield:

/%73 res %/ :
call goetSstr8field:’ d

/%76 rdt =/
doi
inputtype = 9
call getSint8field:
end:

/%77 rdd ®/
do
inputtype = 0
call get®@decSfield:
end;

/%78 rds %/
doy
inputtype = 9;
call getSstréfieid;
end

/%9 ron =/
do
{aputtype = 1I:
reroadaddr = rec;
cal]l consoleSrend:
eud;

280 ecr t/
it more@conSinput then
call console@inputSerror:

7281 sil =/ i
do .
ceall store®int(rh . ara):
rb = rb - 2:
snd:

o2

]
i
j
{
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/%82 adi »/ -
. dosy '

call storeSdec(ra.rb);
rb & prb - 2;

end ¢

/%88 asi %/

do: : .

cell storeSstr(ra,rd):
. rb = rb -~ 2%

end: :

/284 uwid *x/
do:
call storeSint(rb,ara):
call popSstack:
call popSstack:"
end;

7288 sdd x/
do;
call store@dec(ra,rb):
call popdstack:
call popSstack:
end;

/%86 sed =/
do
cal! storeSstr(ra.rb);
call popSstack;
call pop®atack:
end:

/287 opn */
call diskSopen;

/288 cls x/
do;
call setBfiteBaddr;
cell diskSclose:
call popSstack;
end;

/%89 rdb x/
/% ready sequential block */
do;
call setup®disk$io;
call wetSeofSetack;
end;

/%90 pdf *x-
/% ready random block %X/
do}
call setupSdisk®io;
call rendom@se tup:
call petSeofSutack:
end;

/%91  edr*xs
7% o8d of record for resd x/
7% advances to next line feed */
do
if var®block®size then
do whife getSdiskSchar <)
ond;
call storeSrecsptr:
end:

292 edw */
/%2 end ol record for write x~
do ’
If var$block®@size then
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do while bytes$written ¢ (blcockeize - 2);
call writeSaSbyte( " ')
end;
éull writeSa®byte(rr):
call writeSaSbyte(1f):
call storeSrec®pir;

- endj
/%93 pro: x/ '
; K G
‘ stachtop 2 stacktop - 2,
ret@addr * pc ;

o .+ . rc 3 ara + codebas.;
! ] call pop®etack:
' end:

/%94 gav =/
dos :
declare ({,num) bytw:
pebptr = magk(ra);
call popSstack:
move@ecnt * aral
call popSstack:
if ara <> ® then
do;
hold = ra;
counter = 2 * ara + |;
do § = 1 to counter:
call popSstack:
end:
num = hold - ra
If (templ := stacktop — num) <= ra then
call error(’mo'';
call wove(ra+2, teapl.num);
call fillCtempi-2,060hL,2);
eud:
else
call popSstack:
blk(blklevel:=blklavel+{)zra;
if pebSvalue(l) = & then
pcbSvalue( i) = 1: ;
else !
call sav8pch:
end:

e

/%98 gv2 =/
[ :
declare { byte,
parm@count address;
tadl = ra:
tad2 = rb;
tad3,re = stacktop ~ 2:
rb = pra - 24
parm@count = ars:
call pop@stack: {
pchbptr = pcbptr + 4 + parmScounmt * 2; !
do I' = 1 to parnSconnt:
testvalue = gra;
call popSstack:
iIf testvalne = jint then
call stovre®int' .pobptr.ara):

wf{de *
if testvalue = deri then
call store®lectra,pebptr):
elwe

call stnve8etr(ra.pehptr):
call popSetack;
pehptr 3 pebptr ~ 2.
end:
ra = tadl;
rb * tad2:
tadl = 0.
end:




/%96 uns */
do: .
hold = mask(ra);
retSwvalue = h®addr:
call decrementShiki L'
1f hSaddr(1) <> 1 then
call unsave:
R else
. h@addr( 1) = o
’ call decrementShiki !
call pushSetack(2):
{f check@int(ret$veiued then
ara = retSvalue:

else
do;
templ = mask( .r~t1%value);
call move(templ — tl.ra,tl1+2):

ra = ra + ti:
bra(1) = bra(l) or OcOh;
end;
end:

/%97 rtn */
do1
rc =_retGaddr;
stacktop = stacktop *+ 2
and}

end; /%end case¥/

call stepSinsScnt(1);
error@flag = false:

end;: 7% of do for ever X/
end execute:

mainline:

call crlif:
call initializeSexecutey

eoflexit: /% on end of file of current disk flle come here

errorexit: /¥ regroup on cousdole input error ¥
call execute;
call exitSinterp:

eof '

®/
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